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ABSTRACT 

A COMPARISON OF THE PHYSIOLOGICAL AND THERMOREGULATORY 

RESPONSES OF CHILDREN AND ADULTS EXERCISING IN HOT ENVIRONMENTAL 

CONDITIONS 

The purpose of this study was to examine the problem: 

Do children have greater thermoregulatory and physiological limitations than adults to exercise in hot 

envirorunental conditions? Children and adults were compared in hot wet (Tg=31°C; RH=70%), and hot 

dry (Ta=35''C; RH=35%) andneuti-al (T^=22''C; RH=50%) environmental conditions witiiout radiant heat 

and also in hot wet environmental conditions with radiant heat (Ta=31°C; T =37''C and T =49°C; 

RH=70%). In all experiments the wind speed was maintained at 4m.sec'. The problem was examined by 

comparing core temperatures, skin temperatures, heart rate and sweat rates of children and adults 

exercising in the different hot environmental conditions. 

In the first part of the study, children and adults exercised at approximately 50% VOj maximum for 30 

minutes in each of neutral (T3=22°C), hot wet (Ta=31''C, RH=70%) and hot dry (T^=35°C, RH=35%) 

environmental conditions without radiant heat. The subjects were 16 physical education students (9 men 

and 7 women) with an average age of 21 years and 15 prepubertal children (8 boys and 7 girls) aged between 

9 and 11 years. A large fan directed air at 4 m.sec' onto the anterior side of the subjects. The children were 

found in general to have a 6% lower metabolic efficiency than the adults. They also produced a more 

variable work rate both between the three environmental conditions and over time. The children used a 

10% greater proportion of their heart rate reserve than the adults when both were exercising at 50% VO^ 

maximum in neutral and hot wet environmental conditions. The children after 30 minutes of exercise in 

hot dry conditions increased their percentage of heart rate maximum to 17% above that recorded for the 

adults. In the hot wet conditions the male children produced 301 gm.hr' of sweat compared to the male 

adults who produced 877 gm.hr'. In the hot dry conditions the male children's sweat rate was 344 gm. 

hr' compared to the male adult rate of 1068 gm.hr*. "Rie lesser relative sweat rates of these male children 

when they produced similar quantities of metabohc heat/kg as the male adults indicated that they did not 

need to sweat as much because they lost their heat convectively at a faster rate. The children had an initial 

0,4 to 0.5°C higher core temperature than the adults measured in the ear canal, and this difference was 

maintained over the 30 minutes of exercise m the hot conditions. There were no obvious differences for 

mean skin temperatures between the groups. The differences between adults and children on the 

percentage of heart rate maximiim and relative evaporation rates were eliminated when these dependent 

variables were covaried against the SA/mass ratio. 

In the second part of the study, children and adults exercised for two 30 minutes sessions at approximately 

50% VOj maxunum in hot wet (T3=31°C, RH=70%) environmental conditions while being exposed to 

either low (Tg=37''C) or high (T =49°C) levels of radiant heat. The subjects fortius part of die study were 
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ten male physical education students with an average age of 23 years and ten male prepubertal children 

aged between 9 and 11 years. Both groups produced an equal metabohc heat stress of 7.3 W.kg"'. There 

were no significant differences between the relative sweat rates of the children and the adults in both the 

low and high radiant heat conditions. The increased radiant heat gain of the children appears to have 

neutrahzed their greater convective heat loss when the radiant heat was apphed to i^)proximately 20% of 

the subjects' skin surface. The T̂ ^ of the children's group was 0,3°C higher than the adult group and the 

mean skin temperature of the children's group was generally 1-2"'C higher than the adults for both the skin 

exposed and that not exposed to radiant heat. These higher skin temperatures reflected the increased rate 

of convective heat loss of the children in comparison to the adults. The children exercised with a 6-7% 

higher percentage of heart rate maximum than the adults. When the SA/mass ratio was used as a covariate 

between children and adults it eliminated the differences between the groups for the percentage of heart 

rate maximum, core temperature and the skin temperatures not exposed to radiant heat. 

In the third part of the study, the children and adults exercised for two 30 minute sessions at an increasing 

metabohc rate (38-64% VOj maximum) in hot wet environmental conditions while being exposed to either 

low or high levels of radiant heat The subjects were the same as for part two of the study. In general the 

relative heat productions were proportionately matched by the relative sweat rates in both the low and high 

radiant conditions so that thermoequihbrium occurred. There were no significant differences between the 

children and the adults in the way that relative heat production was matched with relative sweat rates. The 

children were between 6-9% higher on the percentage of heart rate maximum compared to the adults 

throughout the 30 minutes of the increasing metabohsm exercise test. At 30 minutes the children were 

exercising at 86% heart rate maximum and the adults were exercising at 79% of heart rate maximum. This 

result indicates that the children wih experience cardiovascular limitations before adults when exercise 

intensities are increased towards maximal levels because they have a smaller heart rate reserve. The 

children had a 0.4°C higher core temperature than the adults and both groups increased their core 

temperature to the same extent when their exercise intensity was increased by similar percentages of VO^ 

maximum. The children had 1 -2''C higher mean skin temperatures than the adults for the areas exposed 

and those not exposed to radiant heat. An examination of the SA/mass ratios indicated that the children's 

size was a likely reason for the differences observed m thermoregulatory responses between the groups. 

In conclusion, this study indicated that children exercismg at the same relative intensity as adults in hot 

wet environmental conditions will have0.3-0.4'*Chighercorctemperaturesanda 10% smallercardiovascular 

reserve. Mean skin temperatures will also be 1 -2°C higher for the children. This mdicates that the children 

will lose heat convectively at a faster rate than adults and that they do not need to produce as much 

sweat/kg as the adults to reach thermoequihbrium. However, when radiantheat is apphed to ̂ proximately 

20% of the body's surface, tiie convective advantage of the children is neutralized by their radiative 

disadvantage. The above differences between children and adults do not indicate any relative disadvantage 

for reaching thenno-equilibrium. However, in hot dry conditions children will reach cardiovascular 

limiting conditions sooner than adults as they are operating with a much smaller cardiovascular reserve. 

The SA/mass ratio is the most likely reason for the above cardiovascular and thermoregulatory differences 

between children and adults. 
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CHAPTER ONE 

INTRODUCTION 

Children and adults often play sport in the hot dry and hot wet environmental conditions commonly 

experienced in Austraha Small percaitages of the adult sporting population suffer heat related disorders 

competing m intense aerobic sports where metabohc and radiant heat loads are high (Haymes, 1984; 

Richards, 1987). These heat disorders include heat fatigue, heat syncope, heat cramps, heat exhaustion and 

heat stroke (Beyer, 1984). Children are considered to be more prone to these heat illnesses than adults 

because of the following physical and physiological characteristics (American Academy of Pediatrics, 

1982). 

1. Children have a higher surface area to mass ratio which means that they generally heat up at a faster 

rate than adults when exposed to very hot environmental conditions. 

2. Childrenhavealowermetabohcefficiency whichproduces agreater relative heatload at a set work 

rate. 

3. Children have a reduced sweating capacity relative to their body surface area. 

4. Children have a reduced capacity to convey heat ftom the body core to the skin. 

Inneutral {T^=2D-24''C) or warm environmental conditions {T^=25-29''Q with a low relative humidity the 

characteristics mentioned in the previous paragraph do not interfere with the ability of the exercising child 

to adequately thermoregulate. However, in very hot conditions (7g>36°Q, when air temperature is above 

mean skin temperature, these characteristics become a disadvantage for children who heat up more quickly 

than adults and have less tolerance for exercise. 

In hot envirorunental conditions (r^=30-36°Q there is no conclusive evidence to suggest that exercising 

children are relatively more disadvantaged than exercising adults. So far, the majority of research 

comparing the thermoregulation of children and adults has typically been carried out in climate chambers 

under severe heat stress or neutral conditions. The findings of these studies have been extrapolated down 

to hot conditions and very broad recommendations made for children exercising in the heat. Furthermore, 

the conditions generally employed in climate chamber experiments have not accounted for two potentially 

significant heat stresses which occur in the natural environment, the wind and the sun. Wind velocity can 

theoretically advantage or disadvantage children exercising in the heat depending on the level of their 

mean skin temperature in comparison to the air temperature. If the air temperature is above the mean skin 

temperature of both children and adults, the children will gain heat, convectively faster than the adults. 

This pattern is reversed if the air temperature is below the mean skin temperature of both groups. Then 

convective heat will be lost at a faster rate by the children compared to the adults due to the children's larger 

surface area/mass. Higher wind velocities wiU accentuate this difference between adults and children by 

increasing the rate of convective heat exchange. The second of these, the effect of radiant heat on the 

thermoregulation of children, has not been researched. 
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In hot oivirormiental conditions (r3=30-36"Q, ttie heat load on exercising humans is produced by solar 

radiation and metabohc heat Humidity and air velocity affert the rate of heat loss. Increasing humidity 

reduces the potential for evaporative heat loss while increasing wind velocity increases ttie potential for 

both convective and evaporative heat loss. 

There is a range of climates around Austraha which produce hot stressful conditions. Traditionally they 

are classified into two major types: Hot Wet and Hot Dry. 

In a hot dry climate, the main ingredients of environmental heat stress are a high air temperature and a 

high radiant heat load. Humidity is predominantly below 50%, and therefore the capacity of the body to 

cool itself by evaporation is not significanfly retarded. These conditions occur m Perth during the Summer 

months where 8% of days exceed an air temperature of 36''C (Table 1). In these conditions children are 

disadvantaged because they have a higher surface area to mass ratio than adults. When the air temperature 

is above the mean skin temperature of the body {T^>36''Q and solar radiation is high, children wiU heat 

up quicker than adults by the influx of both convective and radiant heat loads. Ehiring exercise these 

environmental heat loads might lead to exercise induced heat disorders earher in children than adults. In 

hot dry chmates when the air temperature is between 30-36°C the loss of convective heat from the body 

will be faster in children compared to adults. The high radiant heat load will continue to be a disadvantage 

for the children. These environmental temperatures are common in Perth with 27% of days (Table 1) 

producing these conditions during the summer months. In these hot conditions there is no conclusive 

evidence to suggest that either adults or children wiU be more disadvantaged than the other. 

Table 1. Percentage of days exceeding potentially excessively hot conditions during Summer in two 

Australian cities. 

City 

Perth 

Darwin 

Average global 

Radiation 

mWh.cm"̂  

750 

600 

Relative 

Humidity 

% 

<50 

<50 

>70 

60-70 

Air 

Temperature 

"C 

>36 

30-36 

>30 

>30 

Days 

% 

8 

27 

22 

31 

mWh.cm"̂  = miUiWatt hours per square centimeter. 

In a hot wet climate humidity, wind velocity and a radiant heat load are the main ingredients of 

environmental heat stress. Increasing humidity reduces the abihty of the body to cool itself by evaporation. 

Higher wind velocities increase the rate of evaporative heat loss. Radiant heat is less intense in hot wet 

climates than hot dry because the higher level of water vapour in the air absoit>s a greater proportion of 
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flie long infrared wave lengths (Blum, 1945). In addition, air temperature is generally below skin 

tonperature (Berger and Grivel,1989) which allows a significant amount of heat to be dissipated by 

convection and this effect is greater at higher wind velocities. The effect of solar radiation on the 

temperature of exposed skin surfaces has not been studied in detail. 

Hot wet conditions frequently occur in Darwin during the Summer where 22% of days exceed both 30"C 

and 70% relative humidity (Table 1). As children have a higher surface area per mass ratio, they should 

absorb radiant heat faster but at the same time lose convective heat faster than adults. When a metabohc 

heat load produced by exercise is added to the radiant heat load it is unknown whether children or adults 

will heat up faster. Under these environmental conditions, if children do heat up more rapidly than adults 

they will be more likely to suffer heat disonjers sooner during heavy exercise. 

Further experiments are needed to explore the effect of varying metabohc and radiant heat loads to see 

if children arc disadvantaged when exercising in these conditions. In particular the air temperatures 

examined should range between 7^ = 30-36°C and the humidity should simulate either the hot dry or hot 

wet conditions which occur in Australia. Tliese experiments should provide a theoretical basis to develop 

guidelines for children participating in sport in hot conditions. 

STATEMENT OF THE PROBLEM 

Do children have greater physiological and thermoregulatory limitations than adults when exercising in 

hot conditions? 

The objectives of this study are: 

1. To compare the effect of hot environmental temperatures and two levels of humidity on the 

physiological and thermoregulatory responses of children and adults. In this study the subjects 

exercised at 50% of VO^ maximum for thirty minutes on a bicycle ergometer. 

2. To compare the effect of different levels of radiant heat on the jrfiysiological and thermoregulatory 

responses of children and adults. In this study the subjects exercised at 50% of VO^ maximum for 

40 minutes in hot wet conditions on a bicycle ergometer. 

3. To compare the combined effect of metabohc and radiant heat loads on the physiological and 

thermoregulatory responses of children and adults. In this study the radiant heat load was the same 

as for part 2 above but ttie woik rate was increased each 10 minutes to produce easy, moderate and 

hard intensities. The subjects exercised for 30 minutes in hot wet conditions on a bicycle ergometer. 

DELEVnTATONS OF THE STUDY 

The following restrictions were placed on the smdy. 

1. This study was conducted on unacclimatized individuals who were involved in a moderate amount 

of activity. The subjects were recruited in Melbourne and were tested in the cooler months of the 

year. Findings of the study cannot be generalized to individuals living and participating in sport 

in hot climates. 

2. This study was a comparison between prepubertal children aged from nine to twelve years and 
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young adults. The findings of the study caimot be generalized to younger children or older children 

who are in the pubertal growth spurt. 

3. This study was conducted on a bicycle ergometer with a continuous constant level of exercise. As 

such the study's findings might not be able to be generahzed to intermittent sporting activities. 

4. The electric radiators used in the experiments have a different spectral signature than the solar heat 

load. The sun's spectrum produces radiant heat from visible Ught, the short infixed and the long 

infrared wavelengths while the radiators only produce heat from the long infiared wavelengths. 

While the quality of the radiant heat produced by the radiators is different to sunUght the quantity 

of radiant heat produced is similar to the amoimt arriving at the skin's surface in a tropical climate. 

5. In Part A of the study, all subjects were tested in the neutral conditions first before performing either 

the hot wet or hot dry exercise tests in random order. The physiological effects due to habituation 

and performing the tests in a set order have not been controlled. 

LIMITATIONS OF THE STUDY 

The following shortcomings occurred hi the study. 

1. The ear canal temperature was used as a measure of core temperature. Although this was a suitable 

measurement it was not ideal as the thermistor probe could not be inserted into the ear canal to a 

constant depth. Pain on contact with the tympanic membrane precluded the adoption of this ideal 

site for the measurement of core temperature. 

2. Subjects with less tolerance to exercise in hot conditions were less Ukely to volunteer for the study. 

This may have biased the sample towards children and adults who have a greater level of 

adaptability to exercise in hot conditions. 

3. In the case of women subjects the stage of the menstrual cycle was not recorded. 

4. The time of the day for the testing of the subjects was not controlled in the study. 

5. The level of hydration was not controlled and could have a small effect on the thermoregulation of 

the subjects during a thirty minute exercise test in hot conditions. 

6. The level of physical activity in the hours prior to the exercise tests was not controlled. Over the 

large sample size (N=51) and the multiple testing sessions this random factor was expected to have 

a minimal effect on the averaged results of the different groups. 



DEFINITION OF TERMS 

The symbols and definition of terms used in this study are: 

7"a Air Temperature measured by a dry bulb theimometer 

r ^ Wet Bulb Temperature measured by a thermometer whose bulb is covered by cotton cloth 

saturated with water 

T Globe Temperature measured by a hollow copper 15cm diameter sphere blackened on the 

outside with a thermometer bulb at its center 

Jj Skin temperature 

Tj^ Temperature of the skin not exposed to radiant heat 

T^^ Temperature of skin exposed to radiant heat 

T^ Core temperature 

7 ^ Rectal temperature 

7̂ ^ Tympanic membrane temperature 

T^ Ear canal temperature 

RH Relative Humidity. It is the partial pressure of water vapour in the air divided by the saturated 

water vapour pressure at that temperature written as a percentage 

V Air velocity 

WBGT Wet Bulb Globe Temperamre Index = 0.77^ + 0.27g + 0.17^ 

£7 Effective Temperature. ET is the temperamre of still saturated air which gives rise to an 

equivalent sensation. It is found by a nomogram using 7 ,̂ 7^ and V 

CET Corrected Effective Temperature is the same as the ET above but uses 7 instead of 7^ 

SA Body surface area calculated by the Du Bois equation = 0.00178 x WT°'*" xHT^"^ 
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SA/mass Surface area per unit of mass cm .̂kg"' 

M Rate of metabohc energy production (Watts) 

W Rate of woric (Watts) 

m Mass (kg) 

Ht Height (cm) 

ME Metabohc efficiency; ME = W/M 

Hp Rate of heat production; H =M-W 

S Sweat rate measured by mass loss in gms.hr' 

E Evaporation rate measured by mass loss 

- respiratory mass loss - metabohc mass loss (gms.hr') 

Efj Rate of evaporative heat loss (Watts) 

hg Coefficient for evaporative heat loss 

^max Maximal evaporative capacity of the environment 

E Amount of evaporation required to balance heat production and heat gain 

SHU Sweat Heat Loss Index. This index is the sweat rate per rate of heat production. It measures 

the amount of sweat produced by the heat load due to exercise. It is used when a proportion 

of the sweat drips from the body, 

EHU Evjqwrative Heat Loss Index. This index is the evaporative mass loss per rate of heat 

production. It measures the mass of sweat evaporated by the heat load due to exercise. It is 

used when the vast majority of the sweat is evaporated. 

SE Sweat efficiency measured by the evaporation rate/sweat rate 

w Wettedness measured by the evaporation rate/maximum evaporation rate 

Xg Total heat of evaporation from the skin's surface 
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% Relative humidity of the skin. 

Pg Water vajwur pressure in the air (mm Hg) 

Pg Samrated water \apoviT pressure at the skin temperature (mmHg) 

R Rate of heat transfer by radiation (Watts) 

hj Coefficient for radiant heat exchange 

C Rate of heat transfer by convection (Watts) 

/ip Coefficient for convective heat exchange 

HRI Heart rate index; the percentage of heart rate maximimi divided by the percentage of 

maximimi oxygen uptake 

VO2 Volume of oxygen uptake per minute 
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CHAPTER TWO 

REVIEW OF LITERATURE 

This chapter will estabUsh the theoretical frameworic of the problem: Do children have greater 

thermoregulatory and pihysiological limitations than adults whrai exercising in hot conditions? The 

problem will be analysed in the context of the factors which affect thennoregulation (Figure 1). The 

different physical and physiological characteristics of children in comparison to adults are likely to express 

an equal quantity of heat stress as a different amount of heat strain. 

Heat stress is due to envuDnmental and metabohc heat loads on the subject and the reduction of these heat 

loads by envirorunental modifiers. 

Heat strain is the response of the human body to the heat stress. Heat strain is determined by the human 

body's heat loss responses to a given heat stress and the subject's characteristics which modify these heat 

loss responses. 

The following brief discussion relates the factors which affect human thennoregulation to the four major 

components of the model (Figure 1). 

HEAT LOADS 

The metabohc heat load is direcfly proportional to the rate of metabolic heat production which in turn 

depends primarily on the work rate. Adults with their larger body size and muscle mass woric at higher 

rates and subsequentiy produce a greater amount of absolute metabohc heat than children. In order to 

compare the relative size of these metabohc heat loads, the absolute heat production of children and adults 

should be divided by their respective body masses. 

Environmental heat loads are produced by the direct input of heat into the human body. These inputs occur 

via two physical mechanisms: 

1, Convective heat gain occurs when the air temperature is above the mean skin temperamre. The rate 

of heat gain depends on the size of the skin to air temperature gradient and the value of the convective 

coefficient. 

2. Radiant heat gain occurs when the mean radiant temperature of the environment is above the mean 

skin temperature. Tbe main factors which affect the rate of radiant heat gain are the temperature of the 

radiant heat source and the area of skin which is exposed to this source. 

ENVIRONMENTAL MODIFIERS 

Heat loss from the skin is modified by environmental variables: 

1. As air temperature is increased towards the body's core temperature there is a decreased rate of 

convective heat loss due to the reduced skin to air temperature gradient. 

2. As humidity is increased to high levels there is a decreased evaporative rate due to a decreased 

gradient of water vapour pressure between the skin and the air. Also a greater proportion of sweat drips 

off without evaporating. 

-8-



HEAT LOADS 

-* Metaboric 

-• Radiant 

•• Convective 

HEAT STRAIN RESPONSES 

-» Heat flow to Skin 

-• Heat loss from Skin 

HEAT STRESS-^SUBJECT 

ENVIRONMENTAL MODFERS 
•* Air Velocity 
"* Humidity 

-• Air Temperature 

-» Ctothing 

SUBJECT MODFERS 
-» Body Size 
-» Aerobic Fitness 
•• Metabolic Efficiency 

-• Body Fat 

-• Dehydration 

-» Acclimatization 

Figure 1. Model of factors affecting human thermoregulation 
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3. As wind velocities are increased the rates of both convective and evaporative heat losses are 

increased. Both the evaporation coefficient and the convection coefficient are equally affected by a change 

in wind speeds. 

4. Qothing can have many different properties but it generally acts as a barrier to radiant heat entering 

the body and convective heat leaving the body. 

SUBJECT MODIFIERS 

Heat loss/gain responses are modified by the subject's characteristics. 

The rate of the heat gain is affected by the subject's: 

1. Percent fat: Fat has a lower specific heat and heats up faster than lean body tissue. 

2. Metabohc efficiency: A less efficient subject will produce more metabohc heat at the same absolute 

woridoad than a more efficient subject. 

3. Body size: A smaller subject will heat up faster than a larger subject in very hot conditions due to 

his/her greater surface area/mass ratio. 

4. Level of dehydration: Dehydration causes greater increases in core temperature and heart rates as 

sweat and evaporation rates decline. 

The rate of heat loss is affected by the subject's: 

1. Acclimatization: Acclimatization produces a more efficient heal loss by increasing the sensitivity 

and amount of sweating which in turn decreases the core temperature and decreases the heart rate. 

2. Aerobic fimess: A higher aerobic fitoess increases the rate of heatloss because the resulting greater 

plasma volume is available for increased sweating and an increased cardiac output which dehvers more 

heat-ladened blood to the skin. 

3. Body size: A smaller individual loses heat faster than a larger individual by convection when the 

air temperature is below mean skin temperature due to the larger surface area/mass ratio. 

HEAT STRAIN RESPONSES 

Heat loss from the body involves two processes: 

1. The transporting of the heat in the blood from the body's core to the skin. 

2. The loss of heat from the skin's surface. 

Heat transport to the skin is affected by the core to skin temperature gradient and the rate of skin blood 

flow. A larger core to skin temperature gradient and a greater skin blood flow both increase the rate of heat 

transfer. This process is controlled primarily by the central nervous system which integrates the sensing 

of core and surface temperatures. Increasing body temperature increases the neural drive for increasing 

skin blood flow. This response results in higher heart rates and a redistribution of blood from the visceral 

organs to the skin. 

Heat loss from the skin is mainly affected by tiie skin to air temperature gradient and the evaporation of 

sweat. The body loses heat convectively in direct proportion to the skin to air temperature gradient and 
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the rate of air movonent over the skin's surface. An increasing body temperature increases flie neural drive 

for sweating which mcreases the loss of body heat by the ev^wration of water from the skin's surface. 

Evjqwration is a finely tuned process which is initiated when the rate of convective heat loss cannot keep 

pace with the rate of body heat gain. 

The following Uterature review is based on the above model. The topics v ^ be similar to those in the 

model except for clothing, acclimatization and level of dehydration, Wlule they are important as 

environmental modifiers of heat stress and subject modifiers of heat strain they are considered to be beyond 

the scope of this thesis, 

METABOLIC HEAT 

Gullestadt (1975) tested eleven year old boys at different metabohc heat loads in a comfortable 

environment (7^ = 22°Q and concluded that they regulate their body temperamre during exercise in the 

same way as adults, however the children achieved thermal equihbrium sooner than adults. Thermal 

equilibrium occurred after 20-40 minutes of work in the children compared to 40-50 minutes of work in 

the adults. At 50% VO^ maximum the boys attained a rectal temperature (T^) of 37.9°C. This compares 

closely with Saltin and Hermanson's (1966) adult subjects who reached a T,^ of 38.1°C at 50% VOj 

maximum. It was also foimd that the boys' sweat rate was directiy proportional to tiie heat production as 

it is with adults and that the regression coefficients between sweat rate and heat production were not 

significanfly different when the boys were compared to a study on adults (Nielson, 1969). 

Conversely, Davies (1981) concluded that the thennal responses of children are quantitatively different 

to adults. He found that while exercising heavily (68% Wj maximum) in a comfortable environment 

(7a=21°0 that the children dissipated approximately half their heatload by convection and radiation and 

half by the evj^ration of sweat while the adults dissipated two thirds of tiieir heat load by evaporation. 

TTie children had a higher skin temperature (+3''Q and lower sweat rates than their adult controls 

(Table 2). It was suggested that perhaps the children thermoregulate via the avenue which is most efficient 

for them. Thus, at moderate temperatures they use their relatively greater surface area to dissipate more 

of their heat by radiation and convection. 

Table 2. 

minutes 

Metabohc heat balance of adults and children exercising at 68% VO, maximum for 60 

Subjects 

(n=16) 

Metabolism 

W,kg-' 

Evaporation 

W.kg-' 

C&R* 

W.kg-' 

Storage 

W.kg-' 

Area/mass 

cm .̂kg-' 

C:hildren 

Adults 

%Difference 

15,13 

16.12 

+6,1 

7.73 

10.47 

+26 

6,68 

5,32 

-26 

,71 

,30 

335 

273 

-23 

Derived from Davies (1981) *C&R = Ctonvection and Radiation 
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It seems that the children's 23% advantage in surface area/mass (Table 2) was closely related to their 26% 

greater use of convection and radiation to dissipate metabohc heat production. This preference does seem 

to have a cardiovascular cost with exercise heart rates being 26-38 beats higher in children compared to 

adults at 68% VOj maxunum, Davies (1981) suggests that this limits the endurance capacity of children 

because a larger percentage of the children's cardiac output was taken up with the dissipation of metabohc 

heat from the skin, A limitation of the study was that the children produced 6% less metabohc heat than 

the adults and this difference compromises the comparison of their heat loss responses. This means that 

there was an unequal heat stress between the children and the adults; which was most likely a consequence 

of the lower aerobic fitness of the children. 

In summary it appears that high metabohc heat loads generated by children in neutral conditions are 

suitably dissipated by the same mechanisms as adults but that the increased proportion lost via convection 

and radiation has a higher cardiovascular cost. 

RADIANT HEAT 

When exercising in hot conditions in a natural environment radiant heat adds significanfly to the heat 

stress. Exercise induced heat exhaustion is a common occurrence in mass participation fun runs 

particulariy when they occur in warm to hot conditions. High levels of radiant heat is considered to add 

significanfly to the risk of heat exhaustion in individuals who are poorly acclimatized, dehydrated and 

relatively unfit (Richards and Richards, 1987). There are two main types of radiant heat which need to be 

defined because of their different effects on the skin (Buettner, 1951). 

1, Non penetrating radiantheat: Long wave radiant heat which is absorbed by the upper surface of the 

skin e,g. a hot radiator. The radiant heat influx does not change with rising skin temperatures. 

2, Penetrating radiant heat: Short wave radiant heat which is absorbed by the deeper layers of the skin 

e.g, the sun's radiation has long wave and short wave radiant heat which is absorbed at the skin's surface 

and by deeper layers of the skin. 

The sun's spectrum has a maximum intensity at 0,5fi but it varies mainly between 0,29 and 2.2p,. As the 

sun's energy enters the atmosphere it is altered due to the unequal absorption of different wavelengths 

(Blum, 1945), Ozone absorbs radiation m the short ultraviolet end and water vapor absorbs radiation in 

the long infrared end. The least amount of absorption is when the sun is direcfly overhead and it graduaUy 

increases as the altitude of the sun increases. Table 3 indicates the amount of energy in different 

wavelengths of sunUght at different angles from zenith and different levels of water vapour pressure in 

the atmosphere. Twenty mm Hg of water vapour pressure reduces the amount of radiant heat by 10% 

compared to dry air, A 60° angle of the sun reduces the amount of radiant heat by 20% compared to directiy 

overhead. 
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Table 3 Energy of Sunhght 

Conditions 

Dry air 

(0° zenifli angle) 

Ain 20mm Hg HjO 

(0° zenith angle) 

Air 20mm Hg H^O 

(60° zenith angle) 

AU 

Wavelengths 

W,m-2 

1026 

921 

740 

Visible hght 

W.m-̂  

418 

412 

328 

Exclusive 

of visible 

W,m-2 

607 

509 

412 

Adapted from Blum (1945), 

The amount of sunlight reaching the human body is mainly direct but it can also be reflected from the sky 

and the terrain. Typical amounts of radiant heat reaching a human at an angle of 60° from zenith in different 

climates is displayed in Table 4. 

Table 4. Solar radiation flux in different climates 

Terrain 

Desert 

Rain forest 

Tropical steppe 

Direct 

W.m-^ 

1000 

840 

1020 

Reflected 

by the sky 

W.m-^ 

188 

180 

114 

Reflected 

from terrain 

W.m-^ 

133 

46 

105 

TOTAL 

W',m-2 

1321 

1066 

1239 

Roller and Goldman (1968). 

The two hot dry climates represented by the desert and tropical steppe produce 24% and 16% greater 

intensity of radiation respectively; compared to the hot wet conditions represented by the rain forest 

climate. This is due predominanfly to the greater absorption of the long infrared wavelengths by the high 

levels of water vapour evident in a hot wet chmate. 

Table 5 indicates the daily average global radiation which is incident on 10 Austrahan cities representative 

of both hot dry and hot wet climates in both summer and winter months. The first five cities represent hot 

dry climates and the second five cities represent hot wet climates. Radiant heat is a major factor 

contributing to heat stress. Global radiation as measured by the weather bureau indicates the average daily 
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total amount of radiation for the month. Global radiation is the addition of direct radiation from the sun 

and diffuse radiation from the sky. It is generally measured on a flat horizontal plate which is protected 

firom the wind, dust and humidity in the envirorunent by a glass dome. These glass domes allow short wave 

radiation (0.3 to 3 microns) to reach the detecting surface. Tliis is generally the majority of the energy 

which is dehvered by tiie sun. The units for global radiation are mUhwatt hours per cm^ which is die total 

amountof radiantheatdehveredtoa 1 cm^ flat surface in dayhght hours. These values have been converted 

to W,m-^ for five of the cities so that radiation averaged over a whole day can be compared to the directiy 

measured radiation intensity occurring in the different terrains referred to in Table 4. The average daily 

values give very litfle information on the acmal radiation intensity measured during the hottest part of the 

day. RoUer and Goldman (1968) indicate that radiation intensities of up to twice these average values often 

occur in the hottest part of a summer day. 

Table 5. Average Global Radiation for ten Australian cities 

Cities 

Adelaide 

Perth 

Melbourne 

Broken Hill 

Alice Springs 

Darwin 

Townsville 

Brisbane 

Coffs Harbour 

Sydney 

January Daily Average 

mWhr.cm-^ 

700 

750 

700 

800 

800 

600 

600 

650 

650 

650 

(W.m-̂ ) 

536 

483 

470 

474 

459 

July Daily Averaj 

mW/ir.cm-̂  

200 

250 

200 

300 

400 

500 

450 

350 

300 

300 

;e 

(W.m-̂ ) 

234 

205 

435 

333 

297 

When air temperatures exceed 36°C the only avenue of heat loss is ev^wration. Exposed to these 

conditions chUdren should be under an added disadvantage as their greater SA/mass ratio enables them 

to absorb both radiant and convective heat at a faster rate than adults. In fact radiant heat at lower air 

temperatures than 36°C could place children at a thermoregulatory disadvantage as they wiU absorb the 

radiant heat faster than adults. 

The incident radiation is not aU absorbed by the skin's surface. Martin estimates that 43% of sunlight is 

reflected from blonde skin and 35% is reflected from brunette skin. Kerslake (1972) estimates that 40% 

of the Sim's radiant energy is reflected by white skin while only 20% of the radiant energy is reflected from 

negro skin. Also the amount of radiant energy absorbed by the skin is proportional to the area of skin facing 

the sun (direct) or facing the sky and tenrain (indirect). The projected radiation as a proportion of the total 
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skin area varies between 5% (sun overhead) to 25% (facing the sun with sun's altitude at 90°). When the 

sun's altitude is at 60° from zenith and the subject is standing side on about 22% of the skin's surface area 

is exposed to the radiant heat (Kerslake, 1972). 

Table 6. Solar heat load absorbed by an adult person standing erect with the sun at different altitudes. 

Z ^ t h 

angle 

0° 

60° 

Direct 

W. 

63 

186 

Sky 

W. 

79 

31 

Terram 

W. 

131 

52 

TOTAL 

W. 

273 

269 

Adapted from Blum (1945). 

From Table 6 it can be seen that while direct solar radiation is lower at midday greater amovmts of sky and 

terrain radiation impinge on the skin. At 4.00 PM with the sun 60° from zenith the diffuse radiation is much 

reduced but the direct sun radiation is three times greater, producing similar amounts of total radiant heat 

impinging on the human body. This extra heat load of about 270 Watts is for a temperate sunmier climate 

with 20mm Hg of water vapour pressure (Blum, 1945). This assumes a nude white subject. Obviously 

different colours and types of clothing wiU change the percentage of radiant heat that is reflected. If the 

subject was to wear white clothing the extra reflectance would reduce the absorption of radiant heat while 

dark clothing would increase the absoiption of radiant heat. Children with their smaUer surface area would 

proportionaUy absorb less radiant heat e.g. l.lm^ would mean 165 watts of radiant heat. If this absorbed 

radiant heat is converted to a radiant heat load per kg, the childrens relative radiant heat load of 

165/32 = 5.2W.kg-' is considerably more than the adults relative heat load of 

270/69 = 3,9 W,kg-'. This means that the children have a 33% greater radiant heat stress because of their 

larger SAAnass ratio. The anthropometric data used in the above calculations was taken from Tamer's 

(1978) average height and weight data for 10 year old and eighteen year old males. Kerslake (1972) has 

calculated a sunilar radiant heat balance sheet to Blum (1945) but for clothed subjects marching in the 

desert and he estimated a radiant heat gain of 4(X) watts. This can be considered the upper hmit of radiant 

heat loads on humans as tiie desert is the most stressful of naturally occuring radiant heat environments. 

This heat load is 66% greater tiian that calculated by Blum (1945) and represents a radiant heat load of 7,8 

IV.kg-' for average ten year old children and 5.8W.kg:* for average adults. Kerslake's (1972) data indicates 

that about 17% of the total radiant heat measured in the desert environment is absorbed by an erect walking 

adult. 

Nielson (1988) who smdied ten male subjects exercising at 92 watts on a bicycle ergometer suspended on 

a balance in shade and sun in Copenhagen found that the average heat load from the sun was 100 watts. 

The air temperature over tiie time period varied between 21 °C and 25°C. The extra heat load was dissipated 

by an increased sweat loss of 145gm.hr'. The other avenues of heat loss calculated by partitional 

calorimetry methods stayed close to constant. Nielson concluded that tiiis solar heat load measured in a 
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tonperate climate is a significant addition to heat stress when adults are exercising at maximal metabohc 

rates. The projected radiant area on the skin varied between 10 and 20% of the total body surface area at 

this latitude, CMdren witii tiieir greater SA/mass ratio will proportionally have a greater heat load 

produced by this level of solar radiation, 

Kamon et al (1983) studied the heart rate response to increases in au- temperature, water vapour pressure 

and radiant heat These three environmental stresses increase heart rate due to a need to increase heat 

transport to the periphery. The heart rate response for each 1°C increase in 7 above 7^ was an increase of 

0.8 bL min'. This is just below the effect of each 1°C rise m 7̂  above 25°C which increases heart rate by 

1 bt. min'. The effect of uicreasing water vapour pressure by 1mm Hg above 13mm Hg is to mcrease the 

heart rate by 1 bt min'. It can be hypothesized that children will have greater increases in heart rate than 

adults with increasing levels of radiant heat. 

Ratogi (1989) has reported that twelve year old Indian children working in a glass bangle factory were 

under high radiantheat loads for the 10-12 hours of their shift He measured the average globe temperature 

to be 46°C; 8°C above the mean dry bulb temperamre of 38°C. The WBGT index was 34.4°C and the 

effective temperature was 34.3°C. He found that these children's oral temperature increased by 0.9°C to 

37.5°C during the shift while those children not exposed to radiant heat increased by 0.4°C. Heart rates 

of the Indian children averaged 112 bts.min' by the end of the shift and those children not expx)sed to 

radiant heat averaged 90 bts. min'. These physiological responses are close to the maximal that can be 

tolerated by adults for long shifts with core temperamres just below the accepted maximum of 38°C and 

heart rates just above the accepted maximmn of 110 beats per minute (Kamon, 1983). 

CONVECTIVE HEAT 

In very hot environmental conditions, in particular air temperatures over 36°C, the relatively larger surface 

area of children is a disadvantage as children absorb heat faster by convection than adults (Haymes, 1984). 

To maintain thermoregulation, sheU temperatures need to be 1.2°C below core temperatures (WeUs, 

1980). This difference carmot be maintained solely by convective heat loss when 7^>36°C; therefore it is 

appropriate to define this as the arbitrary border between hot and very hot environmental conditions. 

Drinkwater and Horvath (1979), testing young girts in a hot dry climate (7^ = 48°Q found that tiiey had 

less tolerance to this heat than adults, and related this to an inadequate cardiovascular response. The lower 

stroke index (ml.beat^m-^) at rest and a higher percentage of the maximum heart rate whfle walking 

(25 -30% VOj maximum) in the very hot environment bofli indicated a greater poohng of blood m the 

periphery of the chUdren, with a smaller percentage of the total blood volume being used for muscle 

metabolism. 

Alternatively, the American Academy of Pediatrics (1982) claimed that chfldren thermoregulate less 

efficienfly than adults because they have a reduced sweating capacity. Inbar(1978) exercismg 8-10 year 

old boys in air temperamres of 43°C found that they had a 48% lower sweat rate per unit area than adults. 

This fact does not indicate the reahstic situation as the amount of evaporation depends on the amount of 

metabohc heat produced. As heat fills a volume, in order to compare children and adults; the amoimt of 
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metabohc heat produced must be measured relative to body mass {W.kg^). Inbar's 1978 study equated 

all groups to be working at 85% of heart rate maximum but the chfldren and adult groups happened to be 

exercising at different percentages of VOj maximum and also producing different amounts of metabohc 

heat. 

Table 7. Heat exchange of chfldren and adults when exercising for 60 minutes at 7^=43°C, 

Age n Metabohsm Radiation Ev^wration Storage 

& Convection 

Group yrs W.kg-' W.kg-' W.kg-' W.kg-' 

Chfldren (W) 

CMdren(H) 

Chfldren (WH) 

Children (C) 

Adults (WH) 

Adults ( Q 

9 

9 

9 

9 

22 

22 

8 

8 

9 

7 

9 

7 

7.58 

7.45 

8.43 

9.64 

9.79 

9.44 

1.48 

2.37 

2.30 

0.29 

1.29 

1.43 

6.85 

7.67 

7.87 

8.16 

7.94 

8.00 

2.22 

2.15 

2.31 

1.93 

2.57 

2.59 

Adapted from hibar (1978) 

W = Work Group WH = Work in heat shidy 

H = Heat Group C = Control Group 

Table 7 indicates that the children were generafly producing relatively less metabohc heat than the adults, 

and therefore they didn't need as much evaporation to dissipate this heat In the one instance where a 

chfldren's group approached the metabohc heat production of the adults, this group also had a higher 

evaporative rate than the adult groups. As storage and heat gain by R&C are smaU components of the heat 

exchange equation it seems that there is an effective balance between metabohsm and evaporation both 

in children and adults under tiiese conditions. SinceR&C is calculated by difference from the other values 

in the heat exchange equation it has a greater error and is largely a rough approximation of the true value. 

Whfle it appears that the chfldren's groups (X =1.61) absorb more radiative and convective heat flian the 

adult groups (X= 1,36), tiie chfldren's groups also vary from less to more convective heat gain than the adult 

groups. To fiiUy evaluate tiie significance of flie R&C term, the errors mvolved in the other terms of the 

heat exchange equation should be assessed. 

Wagner (1972) compared the heat exchange of adult men and pre and post pubertal chfldren in 49°C heat 

as they walked on a treadmifl at 5.6 Km.hr' for 40-90 minutes (Table 8). Table 8 indicates tiiat chfldren 

produced more metabohc heat and absorbed more heat by radiation and convection probably due to tiieir 

larger surface area/mass ratio, but they compensated by a greater evaporative rate and more storage. The 

chfldren were not in tfiermal equflibrium and were continuously increasing 7j^ over time as more heat was 

stored in their bodies. An appropriate conclusion for tiie above research is tiiat chfldren have limited 

fliennoregulatory abihties when exercising at tiie same absolute woridoads as adults because tiiey have 
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reached maximal evaporative rates whilst the adults achieved thermoequihbrium at lower ev^x)rative 

rates. The limitations of this study were the unequal metabohc heat production and the lack of equahzation 

of physiological stress. To equahze the physiological stress the three groups needed to be exercising at 

the same percentage of VOjmaximum. 

Table 8. Heat exchange of chfldren and adults when exercismg for 40-90 minutes in 49°C heat. 

Grbup 

n Age Metabohsm Radiation& Storage Evaporation 

Ctonvection 

yrs W.kg-' W.kg-' W.kg-» W.kg-' 

Prc-pubertal 

boys 

Post-pubertal 

boys 

Young 

men 

11-14 

15-16 

25-30 

6.32 

6.82 

5.58 

6.06 

6.36 

5.62 

1.60 

1.35 

1.26 

10.93 

11.74 

9.96 

Adapted fiiom Wagner (1972). 

Australia has climatic conditions where 7^is often above mean skin temperatures. These are demonstrated 

in Table 9, where five Australian cities have a hot dry summer. A ten year analysis of dry bulb temperamres 

(7 )̂ and wet bulb temperatures (7^) from figures supphed by the Bureau of Meteorology between 1973 

and 1982 has established the percentage of days between 30-36°C and also those greater than 36°C. Perth 

has 10% and Broken HiU has 16% of days over 36°C during January and February. 

Table 9. Percentage of days with temperatures greater than 30°C . 

Air temp 

Qties 

Adelaide 

Perth 

Melbourne 

Broken Hfll 

Ahce Springs 

November 

30-36 >36 

10 1 

9 1 

6 1 

23 2 

49 22 

December 

30-36 >36 

15 5 

17 5 

11 2 

34 10 

49 37 

January 

30-36 >36 

15 8 

28 11 

15 5 

32 15 

45 36 

February 

30-36 >36 

14 5 

37 9 

12 5 

38 17 

49 26 

March 

30-36 >36 

12 1 

26 3 

10 0 

32 1 

59 10 

In hot dry clunatic conditions with 7^ > 36°C the water vapour pressure is generafly less than 1.7KPa 

(13mmHg) which means that humidity has a minimal effect on thermoregulatory and cardiovascular 
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responses, i.e. evaporation occurs rcadfly and is effective for cooling. Kamon (1983) expects heart rates 

to be raised by 1 beaLmm' for each 1°C that the dry bulb is above 25°C. i.e. for 7^ = 36°C heart rate is 

raised by 11 beats.min-'. 

To summarize, the sections on metabohc and convective heat have demonstrated ttiat chfldren either 

absorb or lose more convective heat than adults depending on air temperamres being above or below ttie 

mean skin temperamre respectively. 

HUMIDITY 

In hot wet chmates the effect of global radiation becomes less mtense as the values are substantiafly lower 

than for a hot dry climate (Tables 3&4). Instead, relative humidity becomes critical with higher humidities 

reducing the efficiency of sweating. Increased amounts of sweat drips from the body without evaporating 

with its cooUng function being lost. This effect is reduced by increasing wind speeds which substantiafly 

increase the evaporation of sweat from the body. Some heat can also be lost by convection particulariy 

when the mean skin temperamre is above air temperature, which is usuaUy the case in hot wet chmates. 

Adults with their lower surface area to mass ratios would lose less heat by this means than chfldren. Thus 

heavy exercise might be more dangerous for adults than children when T^ is between 30°C and 36°C with 

the humidity in excess of 70%. TownsviUe averages 14% and Darwin averages 22% of days with these 

conditions over the Summer months (Table 10). 

Table 10. Percentage of days exceeding 60% relative humidity with air temperatures also greater than 

30°C. 

%RH 

Cities 

Darwin 

TownsviUe 

Brisbane 

Coffs Harbour 

Sydney 

November 

>70 60-70 

9 42 

2 16 

0 1 

0 0 

0 0 

December 

>70 60-70 

16 45 

9 27 

1 8 

0 1 

0 0 

January 

>70 60-70 

22 24 

12 31 

1 7 

0 0 

0 1 

Febmary 

>70 60-70 

28 24 

21 24 

2 6 

0 0 

0 1 

March 

>70 60-70 

26 25 

8 20 

0 3 

0 0 

0 0 

WaUerston and Holmer (1984) have looked at efficiency of sweating (SE) when exercising in environ

ments with increasing humidity. 

SE = Sweat Evaporation Rate x lOO 
Total Sweat Rate 
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Their subjects woriced at a metabolism of 100 W, an air temperature of 36°C and an air velocity (V) below 

0.2m.sec''. In ttiese conditions heat gain or loss by convection is minimal and the metabohc heat load has 

to be mainly dissipated by the evaporation of sweat. Table 11 demonstrates that sweating efficiency 

decreases as humidity is increased. Table 11 also demonstrates that there is an effective heat loss up untfl 

70% relative humidity where wettedness equals 1.0. Wettedness (w) is the acmal ev^wration divided by 

the total evaporation possible under the prevaihng environmental conditions. When w equals 1.0 ttiere is 

no further potential for increasing heat loss through ev^wration. At 30% and 50% relative humidity, 

evaporation is effective at removing the metabohc heat produced. At 70% relative humidity not aU of the 

metabohc heat is removed, i.e. 8.6/10.7 = 80% of the previous amount is removed. The result is that the 

core temperature increases as metabohc heat is stored at a faster rate in tiie body with a subsequent increase 

in 7g. The rise in 7^ increases the vapour pressure difference between the skin and the air and consequentiy 

mcreases the potential for evjqjoration. WaUerston and Hohner (1984) found tiiat sweat efficiency of flie 

exercismg subjects was 100% when wettedness was less than 0.18. When the woric rate was increased from 

50W to 125W at 50% relative humidity, sweat efficiency decreased from 83% to 58%. It appears tiiat 

exercise increases the drive to sweat which removes metabohc heat from the body but in the process there 

is a lower sweat efficiency under the same environmental conditions. 

Table 11. Mean values of the thermoregulatory variables measured on 

six subjects woridng at lOOW in T̂  = 36°C. 

Relative Humidity 30% 50% 70% 

Variables 

7 / C 

VO^ l.min' 

Total sweat rate g.min' 

Drip sweat rate g.min' 

Ev^x)ration rate g.min'' 

Sweat efficiency % 

Wettedness 

WaUerston and Hohner (1984). 

If chfldren do sweat less tiian adults at the same metabohc heat production it is also important to determine 

their sweating efficiency. Chfldren can be expected to have a greater sweating efficiency (E/S) than adults 

because their evaporation coefficient {h^ is expected to be larger because of their smaUer size. Qifldren 

could stiU lose as much heat by evaporation as adults but sweat less. The rate of evaporation depends on 

Ag and the vapour pressure difference between tiie skin and tiie air, i,e, E = h^{^^.P^ -P^) where (j)̂  is the 

relative humidity of the skin. According to Kerslake (1972) who has undertaken extensive research in this 
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37,7 

1,58 

13.7 

3.0 

10.7 

79,0 

0,54 

36.4 

37.7 

1.58 

15,5 

4.8 

10.7 

68,0 

0,72 

37.6 

38.3 

1.60 

19.1 

10.5 

8.6 

48.0 

1.0 



area tiie general formulae for h^= 15 x h^. Also Ap= BV" where 5 is an experimentaUy determined 

coefficient and V is ttie average au- velocity past tiie subject Kerslake's best estimate of h^ for standing 

man is h^= 7.2V°«. Consequentiy h^ = 108V°*. H^ has not been estabhshed experimentaUy for chfldren 

witii their substantiafly different size m comparison to adults. H^ has been estabhshed experimentaUy for 

a Vernon globe (Diameter 15cm). H^ for a Vernon globe = 14V°« where V is equal to wmd velocity. H^ 

for black globes of different diameters can be estabhshed using flie more general relationship (Kerslake 

1972). i.e. Hj. globe = 14V° * x L -°̂  where L is considered to be tiie characteristic dunension. i.e. diameter 

of the globe. When the globes diameter was halved the new h^ increased by 32%. Assuming that the same 

approach can be used for calculating ĥ  for chfldren; tiie average 10 year old boy (Tanner, 1978) is 138cm 

taU and the average adult is 176cm taU. This means that the ten year old chfld's characteristic dimension 

(Height) is 78% of tiie adult size, 

i.e. h^ = 7.2V°<' x L^* (L = 0.78) 

= 7.95V°« 

Thus ten year old children's theoretical h^ is increased by 10% in comparison to tiie adult's. It also foUows 

that the chfldren's h^ wiU be 10% greater than the adult's. This means that tiie children' s evaporative heat 

loss can be simUarto the adult's but with a lower sweat production. As£ increases Ĥ wiU also decrease, 

i.e. W = El E^. When W decreases SE increases (Table 12). Thus tiie children are tiieoreticaUy more 

efficient at losing heat and have a higher sweating efficiency than adults. 

CMldren can also be more efficient sweaters for a second reason. In air temperatures below mean skin 

temperatures children wiU lose heat convectively faster than adults due to tiieirlarger SAAnass ratio. They 

therefore don't need to sweat as much as adults to dissipate the same relative metabohc heat load. As the 

need for sweating decreases W also decreases, i.e. S = W/SE x E^^. This means that their wettedness 

{EIE^ wiU be lower than the adult value. Also as W decreases SE increases (Table 12). This argument 

indicates that children wiU again have a higher sweating efficiency than adults. 

Table 12. Values of sweating efficiency at various values of wettedness for a uniformaUy sweating 

cylinder in a transverse wind. 

Wettedness (= £/£ ) 1.0 0.9 0.8 0.7 0.6 0.5 0.45 
^ max' 

Sweating efficiency (= £/5) 0.60 0.73 0.82 0.89 0.94 0.98 1.00 

Kerslake (1972) 

WaUerston and Holmer (1984) have demonstrated a similar mverse relationship between W and SE for 

exercising adults but the relationship is quantified differenfly as shown by Figure 2. 
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W 

Wet Cylinder 

to 

Figure 2 Relationship between sweating efficiency and wettedness for an exercising adult and a 

cyhnder in a wind. (Adapted from Kerslake, 1972 and WaUerston and Homer, 1984) 
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Rgure 2 demonstrates that the cyhnder has a different relationship between W and SE compared to 

exercising adults. Qifldren should have a different line again demonstrating a higher sweat efficiency at 

tiie same wettedness since ttiey theoreticaUy have a higher h^. Frye and Kamon (1983) who exercised 

acclimatized men and women in humid heat TJT^ = 37°C730°C at 30% of VO^maximum found that the 

women had a higher SE than the men whfle the men had a higher w than the women (Table 13). The 

wettedness values and sweat efficiencies have been calculated in ttiermal equihbrium. Since the E^^ is 

10% higher for women and the oivironmental conditions are the same, h^ for the women must be 

considered to be greater than the Â  of the men. It is the women's smaUer body dimensions which enables 

tiiem to sweat more efficienfly than men. Chfldren can be expected to be affected in a sunUar way and also 

have a greater sweating efficiency than adults. 

Table 13. Wettedness and sweat efficiency in men and women exercising in a humid 

environment. 

£ W SE SAAnass 

Sex W.m-^ cm^kg-' 

Men 206.7 0,99 0,81 256,5 

Women 226.7 0,90 0.99 282,7 

Frye and Kamon (1983). 

Candas (1982) who compared unacclimatized men and women at rest in humid heat found that they both 

had the same equihbrium evaporation rate (150g,hr'.m-^) but the men had a higher sweat rate and a lower 

sweating efficiency until hidromeiosis slowed the drippage rate after the first hour of exercise and 

increased the men's sweating efficiency. The likely explanation for the women's greater sweat efficiency 

is their greater h and greater convective heat loss, both of which are related to their smaUer body size. 

Table 14 demonstrates flie effect of increasing humidity at different air temperatures on the calculation of 

£ ^ for adults and chfldren. The ten year old chfldren were considered to be 78 % of the adult's height and 

tiie tiieoreticaUy calculated h^ was 10% greater at botii air velocities. The skhi temperatures were 

calculated to be between 34°C and 35°C by tiie Berger and Grivel formulae (1989). 

Table 14 indicates that E^ decreases vdtti increasing humidities and with mcreasmg air temperatures. 

At high humidities and high air temperamres evaporation can become limiting if metabohc heat 

production is above £ ^ , Ten year old chfldren have a tiieoreticaUy 10% greater evaporative capacity 

compared to adults in these air temperatures and humidities. 
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Table 14. £^^ * for children and adults at uicreasing humidities and different air temperamres 

Relative Humidity 

Wind speed 

Statiis 

Air temperature 

28°C 

30°C 

32»C 

34«<: 

70% 

1 m.sec' 

A C 

342 375 

314 345 

282 310 

245 369 

4 m,sec' 

A 

684 

628 

564 

470 

80% 

1 m,sec"' 

A C 

295 324 

261 287 

223 245 

179 197 

4 m.sec' 

A 

590 

522 

446 

358 

90% 

1 m.sec' 

A C 

248 272 

209 229 

164 180 

113 124 

4 m.sec' 

A 

496 

418 

328 

226 

A = adult C = child 

'Units of £ areW.m-^ 
max 

The evaporative heatloss£isequaltomKwhere^ is tiie latentheat of vaporization andmisthe evaporative 

mass loss. X is close to being a constant with a 1 % variation in values for skin temperatures between 30°C 

and 38°C. The assumption in the calculation of £ is that ttie skin is covered by a continuous film of water. 

This rarely occurs in practice and increases the variation in the value of X, by a further 10% depending on 

the relative humidity of the skin (Kerslake, 1972). The concept of relative humidity of the skin (({ĵ ) has 

been developed to take account of the total heat of evaporation. Extra energy is absorbed in expanding 

the water vapour to t^/'^. i.e. non-samrated water vapour pressure at tiie skin's surface. Thus tiie total heat 

of evaporation from the skin's surface (K^ increases as ^^ decreases at lower sweating rates. When ^^ 

decreases from 1,0 to 0.2, X.̂  increases by about 10%. ̂ ^ can be defined in terms of wettedness by tiie 

foUowing equation. 

<fs ^w^{\-w)PJP^ 

where w = £/£ 
max 

/*3 = vapour pressure of the air 

P^ = saturated vapour pressure at the skin's temperature 

(|)j can not be calculated unless the proportion of evaporated sweat is measured. If ̂ ^ is unknown the error 

m estimating X ^ can be as large as 10%. In most ttiermoregulation stiJdies an error of tiiis magnimde is 

unacceptable. To elimmate this conversion error it is suggested that weight loss be reported as a sweat rate 

rather than an evaporative heat loss. 

Wenzel (1989) has looked at tiie effect of humidity when working at a metabolism of 236 Watts for four 

hours on a treadmUl. It was found that flie rectal temperature began to increase (non equilibrium) when 

the humidity of the environment was increased above a threshold level where the evaporative heat loss 

could no longer balance tiie metabohc heat production, eg. At 7^= 33°C tiie break away relative humidity 

for a non steady Tree was 80%. At 7^ = 36°C ttie break away relative humidity for a non steady slate was 

approximately 65%. At 7^ = 40°C tiie break away relative humidity was approximately 50%. Since tiiese 

experiments were at a hght work rate it can be expected that humidity wiU become limiting at even lower 
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air temperatures at moderate and heavy work rates. Wenzel (1989) found that the steady state limit in these 

Ught woric conditions were 7 ^ = 37.8°C, 7^= 36°C and heart rate = 97 bts.minute'. 

Kerslake (1972) fouind the equihbrium skin temperature to be 36°C at various relative humidities up to 80% 

when resting ui 36°C air temperamres. When the relative humidity rose above 82% the skin temperamre 

rose rapidly to increase the vapour pressure difference between the skin's surface and the air to maintain 

the required evaporation. Wells (1980) in a review on the effects of hot envkonments on physical 

performance stated tiiat the sheU temperature must be 1.2°C below the core temperature for thermo

equihbrium to be mamtamed. Thus a 7̂  equal to 36°C is the upper limit for hght work. If the skin 

temperature rises above this level the sheU becomes an insulating barrier and internal body temperatures 

wUl rise rapidly and reduce woric capacity, 

Gupta (1981) studied the effect of exercising at different metabohc intensities in hot humid conditions 

(RH=60%). He conducted three experiments with air temperatures at 27°C, 37°C and 40°C where the 

subjects exercised at three work rates (400,500 and 600kgm.min-'). The rectal temperamre appeared to 

reach a plateau when the subjects were exercising at the fliree work levels in an air temperature of 27°C 

and the subjects could aU continue exercising for longer than 90 minutes. In the two hot humid 

environments the subject's exercise bouts were terminated earlier than 90 minutes when heart rates 

reached 180 beats.min'. The greater the woric rate the sooner the exercise bouts were terminated. At a 

woric rate of 4(X)kgm.mui-' the rectal temperamre continuously increased up to approximately 39°C, After 

an initial rise during the first 20 minutes the skin temperamres plateaued. At the highest work rate of 

600kgm.min-' both the rectal and skin temperatures continued to rise until the test was terminated with 

heart rates of 180 beats.min' and a rectal temperamre of 39°C, These exercise tests in hot humid 

conditions, wifli air temperatures at or above initial core temperamres, resulted in a nonequihbrium 

thermoregulatory sfrain on the subjects. The two higher woric rates led to a more rapid storage of heat in 

the subjects and an earlier termination of ttie exercise tests. 

Drinkwater (1979) who compared young giris and coUege women exercising at 30% VOjmaximum in 

35°C and 65% relative humidity found tiiat tiie giris had a lower heat tolerance tune (84.4 minutes) 

compared to ttie adults (10(taiinutes) and 60% of tiie girls could not complete tiie fuU 100 minute waUc. 

The giris were removed when they reached 90% of heart rate maximum. They seemed to be limited by 

ttieir cardiovascular abUity rather than T̂ ^̂  which was 38.2°C. Prolonged tasks m humid environments 

witii air temperatures below 35°C seem to be equaUy weU tolerated by both chfldren and adults (Bar-or, 

1980). 

Increasing levels of humidity have minimal effects on skin temperamres (Berger and Grivel,1989) but 

have large effects on increasing heart rate. Kamon (1982) reports tiiat for each 0.13KPa increase in water 

vi^ur pressure above 1.7KPa tiiere is an increase in heart rate of 1 btmin' at a constant woric rate between 

25% and 50% VO^rasx.. 7^= 25°C and 54% relative humidity (P^= 1.7KPa) are ttie baseline environmental 

conditions below which heart rate is minimaUy affected when individuals perform hght to moderate woric. 

Increasing tiie relative humidity to 70% (P, =2.22KPa) at 25°C increases tiie heart rate by 9 beats.min'. 
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At 30°C there is an increase in heart rate of 5 beats.mm-' due to the increased air temperamre and an 

additional^ beats at a relative humidity of 55% (P^= 2.35KPa) and an additional 10 beats at a relative 

humidity of 70% (P^ = 3.00KPa). At the higher temperamres there is more scope for uicreasing heart rates 

by raising water vapour pressure due to the warmer air's greater capacity to absorb water vapour. 

At temperatures below 36°C it is difficult to predict tiie effect of humidity on chfldren. TheoreticaUy tiiey 

should be superior to adults because ttieir smaUer size mdicates that ttiey wUl lose heat convectively faster 

tiian adults and also sweatless if tiiere is an equal metabolic heatload. This enables tiiem to tiiermoregulate 

more efficienfly (i.e. less sweat) but does not predict the heart rate cost of moving metabohc heat from the 

core to ttie skin's surface. 

AIR VELOCTTY 

The measurement of heat gain/loss depends on a reahstic measurement of average air velocity. Air velocity 

dramaticaUy affects the heat exchange coefficients h. and h^. The calculation of E in Table 14 used the 
V c max 

equation £^^ = h^{P^ -P^. Table 14 demonstrates that increasing V from 1 to 4 m.sec' doubles h^. This 

has been calculated for a unidirectional wind velocity moving past a fuUy wet stationary subject In the 

sporting simation the wind velocity relative to the movement of the human body is generaUy more 

important than the environmental wind velocity. If a runner is moving at 15km.hr' (4 m.sec') in stiU air 

his/her relative air speed is 4 m.sec'. This is complicated by several factors: 

1. Head and tail winds increase and reduce the relative wind velocity. 

2. Local air velocity is different on the legs and arms which are alternatively moving faster and slower 

than the rest of the body. 

3. The local evaporative coefficient {h^ can be quite different on the back and front of the subject. The 

front is dry and the back is often wet. 

4. In team games the effect of the environmental air velocity is omnidirectional as the subject moves 

in different directions. 

5. Wind velocities fluctuate over time. 

Whfle there is a lot of error in estimating an average air velocity for the human body in different woridng 

conditions, it is better to make an estimate than none at aU since it has such a dramatic effect on tiie 

convective and evaporative heat losses. 

In the ten Austrahan cities measured (Table 15) wind speed generaUy ties between 1 - 30km.hr' with 

higher wind speeds in the afternoon; at least in January. There is considerable variability between cities 

and at different times of the day. The effect of these different wind speeds on temperamre regulation needs 

to be taken into account. The average wind speed without direction in Australia's state capital cities is 

15km.hr'. 
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Table 15. Percentage of wind speeds in each speed range without direction for January 

Speed (km.hrO 

City 

Adelaide 

Perth 

Melbourne 

Broken Hfll 

Ahce Springs 

Danvin 

TownsviUe 

Brisbane 

Coffs Harbour 

Sydney 

Ten Cities X 

0 

8 

5 

13 

6 

18 

20 

19 

16 

0 

8 

11.3 

1-10 11-30 

January 9am 

42 

27 

32 

27 

33 

38 

31 

45 

22 

36 

33.3 

46 

63 

53 

58 

45 

38 

50 

38 

70 

52 

51.3 

>30 

4 

5 

2 

9 

4 

4 

0 

1 

8 

4 

4.1 

0 

1 

0 

1 

14 

7 

3 

3 

2 

3 

0 

3.6 

1-10 11-30 

January 3pm 

16 

10 

25 

35 

26 

23 

16 

24 

9 

7 

19.1 

75 

80 

70 

48 

62 

70 

77 

72 

58 

85 

69,7 

>30 

8 

10 

4 

3 

5 

4 

4 

2 

30 

8 

6.8 

Australian Climatic Aflas. 

Shaffrath and Adams (1984) have looked at ttie effects of airflow on cardiovascular drift and skin blood 

flow. They used eight fit adult males with an average VO^maximum = 58.8 nfl.kgr'.min' and an average 

fat level = 8.7%. The exercise tests were performed at 43% and 62% of VO^maximum in 7^ = 24°C. 

Table 16 indicates that minunal airflow particulariy stt-esses subjects who are working at high woric rates 

and producing a lot of metabohc heat In fact Tĵ ^ has not reached an equflibrium core temperamre towards 

the end of 70 minutes of cycling. Also tiiese conditions show the greatest sweat rate of 1.2 l.hour' and 

ttie greatest cardiovascular drift of 22 beats.mm'. Shaffratti and Adams (1984) concluded ttiat cardiovas

cular drift occurs only in conditions of high combined metabohc and thennal circulatory demands and this 

is consistent with a drained splanchnic reserve and a progressive redistribution of blood from central to 

cutaneous circulations. Evidence for tiiis drift is an increased forearm blood flow (+ 14ml) and a decreased 

mean arterial pressure (-1 ImmHg) and a decreased sti^ke volume (-16ml). 
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Table 16. Cardiovascular and ttiermoregulatory variables measured at different wind speeds and work 

rates. 

Wind Speed (m.sec'O 

V02max (%) 

Variables 

Cliange HR (b.min.') 

Change FBF (ml. lOOml'O 

Change MAP (imnHg) 

Change SV (ml) 

Tr^CO 
7, (°C) 

Sweat Rate G.hr') 

0.2 

43 

0 

-1 

-7 

0 

37,9 

31,2 

0,38 

0.2 

62 

22 
(range 8 - 35) 

+14 

-11 

-16 

38.5* 

31.2 

1.20 

4.3 

43 

0 

+3 

0 

+3 

37.7 

29.0 

0.60 

4.3 

62 

8 

+4 

+2 

-3 

38.2 

28.8 

0.90 

Compiled from Shaffiath and Adams (1984) 

HR is heart rate 

SV is stroke volume 

FBF is forearm blood flow 

* non equihbrium 

MAP is mean arterial pressure 

Brown and Banister (1985) supported the previous findings by comparing standard laboratory cycling (no 

fans or lamps) with simulated road cychng and found higher heart rates and greater sweat rates 

(+7 bts.mm', +0.5kg.90 min') in the standard laboratory conditions. In addition they compared the 

laboratory simulated conditions witii acmal road cycling. Altiiough fan speeds were 10.7m.sec ' compared 

to a 8.3m.sec' effective air speed on tiie bike (due to a riding speed of 8.3m,sec-') the road cycluig 

condition maintained a lower 7^^ (7,̂ ^ = 37,2°C versus 7,̂ ^ = 38.0°O, a simflar weight loss and a higher 

heart rate (161 versus 144 b.min"') than tiie laboratory conditions, A hmitation of this experiment was tiie 

outdoor air temperamre (7a = 14- 15°Q versus the higher laboratory air temperamre. Further smdy needs 

to be done on the effect of wind on the cardiovascular and fliennoregulatory responses in outdoor 

environments. 

Hirata (1987) smdied tiie effects of facial fanning on eight subjects performing repetitive hand grip 

exercises at 20% of maxunal effort (30 contiactions.mm') in 7^ = 35°C and relative humidity = 75%. 

Hyperthermia was mduced by 27-29 minutes of leg immersion in a 42°C water bath. This raised the core 

temperatiire by 0,5°C (both oesophageal and tympanic temperamres). Facial fanning at 5.5m.sec' caused 

a mariced decrease hi forehead skin temperature (1,5 -2,0°Q and a shght decrease in T^ (0,2°O and a 

decreased heart rate (4,2%) when compared to a non fanning simation. Performance improved from 310 

to 431 contractions witii facial fanning. It is suggested tiiat there is a local counter current heat exchange 

between the cooler blood in the jugular vein (drains from tiie face) and the wanner blood in tiie carotid 

artery. The lower T̂ ^ might reflect local brain cooling which results from facial skin coohng. 
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As yet the relative effects of wind on the thermoregulation of chfldren and adults has not been stijdied but 

it is important to sunulate the namral environmental conditions as closely as possible to reaUsticaUy 

compare the thermoregulatory responses of adults and chfldren 

Berger and Grivel (1989) looked at predicting mean skin temperamres for a stationary subject in warm 

humid climates with air temperatures between 24°C and 34°C, They found tiiat 7^ decreased as air velocity 

increased. For each 1 m.sec' increase in wind speed 7̂  decreased by 0,33°C. 

The effects of a breeze was weU demonstrated on the heat exchange variables measured in a climate 

dumber and outdoors ui an open cut mine in tropical Austraha (Brotherhood, 1987), Metabohc heat 

production was 350 Watts. Table 17 demonstrates that the increased air speed in the chamber increased 

the convective heat loss quite considerably. £ was only more than £^^ in the chamber when there was 

no breeze which means that heat was being continuously stored in the subject The reduced humidity in 

the open cut mine combined with a moderate wmd velocity of 1.0 m.sec' aUowed £^^ to exceed £ . 

Equihbrium body temperamres were then estabhshed. 

Table 17. The comparison of environmental and heat exchange variables in a chmate chamber and an 

open cut mine in tropical Australia. 

Environmental 

conditions 

Variables 

7^ °C 

T, °C 

7g °C 

V m.sec"̂  

P^ kPa 

RH % 

heat exchange variables 

R W 

C W 

R + C W 

^«q ^ 

^ n . « ^ 

aimate Chamber 

no breeze 

22.7 

28.0 

29,3 

0,15 

2.4 

63 

-30 

-21 

-51 

297 

152 

aimate Chamber 

breeze 

22,7 

28.0 

28.8 

1,53 

2.4 

63 

-25 

-86 

-111 

238 

611 

Outdoors 

Sunhght+breeze 

21.1 

28.3 

41.1 

1.0 

2.0 

53 

227 

-63 

164 

513 

533 

Brottiertiood(1987) 

In summary, convection and evaporation are both very important avenues of heat loss when mdividuals 

exercise at high metabohc heat loads with air temperatures below 36°C. Both avenues of heat loss are 

greafly affected by wind velocity. 
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BODY SIZE AND SHAPE 

Theimoregulation is directiy affected by body size; as chfldren are smaUer they have a larger surface area 

per mass ratio and gain heat at a faster rate by convection and radiation. Convective heat gain generaUy 

occurs once the air temperature is above 36°C. Radiant heat gain depends on ttie angle of ttie sun's rays 

and the area of skin exposed to the sun's rays. The foUowing discussion analyses the theoretical and 

practical differences between chfldren and adults due to size. 

Asmussen (1974) assumed that adults are approximately 50% taUerthan eight year old chfldren. He also 

assumed constant body proportions as the chfld grows into an adult. TheoreticaUy the surface area is 

proportional to height squared; the surface area of tiie adult is 2.25 times larger that the chfld's. SimUariy, 

volume is proportional to height cubed and therefore the adult's volume is 3.375 times larger than the 

chfld's (Table 18). Ck)nsequenfly, the surface area per volume ratio is theoreticaUy calculated as 50% 

greater in chfldren compared to adults. 

Table 18. Size comparison of chfldren and adults. 

Dimensions Qifldren Adults 

Height 

Surface area 

Volume 

Surface area/volume 

Asmussen, 1974 

In boys, the assumption of constant linear proportions during growth does not hold, as weight increases 

proportionaUy to height to the power 2.7 {Ht^'') rather than height cubed as expected (Asmussen, 1974). 

Also there are widely varying buflds among adults and chfldren and the variation in thermoregulation 

because of these different buflds should be taken into account The above limitations make it necessary 

to use actual measurements of surface area and mass. The Dubois surface area formula of SA = .00718 x 

Wf>*" X ///"•'" is sufficientiy accurate for botii chfldren and adults (Martin, 1984). Usmg Tanner's (1978) 

United States cross sectional data of growth in height and weight surface area per mass can be calculated 

for a wide variety of sizes of ten year old boys and eighteen year old men (Table 19). 

1 
1 

1 

1 

1.5 
(1.5)^=2.225 

(1.5)^=3.375 

2.225 -0.67 
3.375 
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Table 19. Comparison of physical dunensions of cMdren and adults. 

Status 

Variables 

Centile 

10 

50 

90 

10 year old boys 

Height 

cm 

130 

138 

146 

Mass 

kg 

25 

32 

41 

Surface 

Area 

m^ 

0.96 

1.11 

1.29 

SA/Mass 

on^.kg'' 

384 

347 

315 

18 year 

Height 

cm 

168 

176 

185 

old men 

Mass 

kg 

58 

69 

89 

Surface 

Area 

m^ 

1.66 

1.84 

2.13 

SA/Mass 

cm .̂kgr' 

286 

267 

239 

The average ten year old (347cm .̂kg-') has 30% more surface area in relation to mass than ttie average adult 

(267cm .̂kg-'). The variation around tiiis mean for the lOtti and 90tii centiles in growth is approximately 

±10% for each group. The greater surface area per mass ratio is an advantage at air temperamres below 

36°C as heat is lost by convection at a faster rate due to the ambient temperature being less than tiie skin 

temperature. When tiie ambient temperature rises above 36°C the chfldren wiU stiU lose heat by 

evaporation of sweat but wiU gain heat by convection more quickly than adults. The skin temperamre 

remains above tiie environmental temperamre up to 36°C and below tiie envu-onmental temperature m 

hotter environments so that a positive core to skin temperature gradient can be maintained and continue 

to remove metabohc heat (Haymes, 1984). This apparent division at 36°C might be higher during heavy 

exercise when the core temperamre rises from 37°C up to 39°C but tiiis more dynamic simation needs 

further research. 

Since metabohc heat production is mainly proportional to mass, ten year old chfldren could produce tiie 

same metabohc heat/kg as young adults when botti are exercising at ttie same relative mtensity (assuming 

equal cardiovascular fimess). hi fact, tiie children are hkely to produce more metabolic heat/kg because 

tiiey are less efficient tiian adults when exercising at tiie same relative intensity. This disadvantage of extra 

heat production could be reversed to some extent by ttie chfldren's greater rate of convective heat loss due 

to ttieir surface area per mass advantage in temperamres below 36°C. It is important to carefuUy assess botii 

heat loss and heat piDduction for children and adults exercising in hot wet and hot dry environments so 

tiiat an objective comparison between tiie tiiennoregulation of chfldren and adults can be estabUshed. 

The shape of adults is important for temperatiire regulation witti tiie more hnear mdividuals losing 

convective heat at a faster rate m air temperamres less tiian 36°C because of tiieir greater surface area per 

mass ratio. The ponderal index can be used to assess hnearity in botii chfldren and adults. The ponderal 

index calculated horn Tanner's 1978 data showed tiiat tiie smaU 10 year old chfldren (44,4) were more 

hnear tiian tiie large adults (40,1) while average 10 year old chfldren and average adults had almost 

identical values of 43.4 and 42,9 respectively. Schickele (1974) states ttiat "men 2-7 kg above tiie nonnal 

weight for tiieir height were four times more susceptible to heat stiiess ttian men of average weight Also 
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men of average weight were four times more susceptible than those who were more than 7 kg below 

average for their height and age". This statement referred to adults exercising at high metabohc heat loads 

in hot wet climatic conditions. In ttiese conditions it is harder for the less linear individuals to dissipate 

metabohc heat by radiation, (̂ onvection and ev^wration because they have a smaUer surface area/mass 

ratio. More recenfly Docherty (1986) looked at ttie body shape of chfldren and adults walking on tiie 

tiieadmUl at 6 km.hr' and 7 km.hr' respectively for 60 mmutes in hot (7^ = 30°Q humid (80% relative 

humidity) conditions. He found that adults with a mesomorphy rating greater than 7 and a surface area per 

mass ratio less than 240 cm^kg-' were at risk of heat exhaustion when exercising under ttiese conditions. 

Eleven and twelve year old boys thermoregulated efficienfly and were not at risk in these conditions as 

tfiey had a much larger SA/Mass ratio (X =320 cm^kg-') than ttie men (X = 252 cm^ kg-') and did not have 

the diverse range of mesomorphy of the adults. Only the obese chfldren were at risk under these conditions 

with low but significant correlations between mcreases in rectal temperamre and endomorphy (r = 0,41) 

and between increases in rectal temperature and aerobic fimess (r = -0.40). 

Epstein (1983) compared two groups who stepped onto a 30cm bench at 12 steps per minute for 3 hours 

in 40°C and40% relative humidity (Table 20). One group was classed as heat intolerant due to exhaustion 

and a 7^> 39°C. The otiier group completed tiie task witti a 7^ = 37.8°C. Epstem (1983) found tiiat botii 

the surface area per mass ratio and work efficiency were highly correlated with heat tolerance. Table 20 

demonstrates that the heat intolerant group had a 10% smaUer SA/Mass ratio compared to the other two 

groups and had a 15% lower efficiency than the control group. The effect of these two factors is a heart 

rate 35 beats per muiute higher and a 7^ 1.0°C higher that the other two groups. Fimess as measured by 

VOjmaximum was not a factor when subgroups from the original groups with equal VO^maximxnn values 

were compared. A more complete comparison could have been made if percentage fat differences between 

the groups had been taken into account. 

Table 20. Comparison of ttiermoregulatory variables of ttie heat intolerant group with ttie heat tolerant 

and control groups. 

Group 

Variables 

Mass (kg) 

Height (cm) 

SA/Mass(cm^ kg-') 

VO^max (ml.kg-'.min') 

Efficiency (%) 

HR - 2hrs (b.mui') 

T^-2hrs(°Q 

Epstein (1983) 

Heat 

mtolerant 

77.8 

173 

247 

40.0 

10.2 

159 

38.9 

Heat 

tolerant 

65.2 

173 

271 

52.2 

10.4 

124 

37.9 

ContiDl 

67.5 

177 

272 

49.0 

11.8 

118 

37.9 
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METABOUC EFFICIENCY 

Chfldren performing at the same work rate as adults when running and cycling do not have an equal 

metabohc heat production per kg. This is because chfldren are less efficient at running (Bar-or, 1980), and 

cycling on an ergometer ̂ awson, 1983). Chfldren are up to 30% less efficient than young adults when both 

are performmg at tiie same speed. 

Haymes (1975) found that the oxygen consumption per kg body mass for boys was reduced to 

jq)proximately the same value as for middle aged men when tiie children walked on a level treadmifl 

compared to the adults walking at the same speed on a 5% grade. Bar-or (1980) has also found significant 

differences Iwtween the metabohc efficiency of chfldren and adults walking on the treadmifl at 

4.8 km.hr'. He demonstiated that 9-11 year old girls required a V(9j of 21J ml.kg-',min-'whflst 18-22 year 

old women required a VO^ of 18.0ml.kg-'.min'. Bar-or (1983) also reported an 8 ml.kg-'.min' (20%) 

difference when 5 year old chfldren and 17 year old adolescents ran at 10 km.hr'. More recenfly, Rowlands 

(1987) has observed large differences between prepubertal boys and non-athletic adult males. Running at 

9.6km.hr' the adults and boys demonstrated an oxygen uptake of 40 and 49.5 ml.kg-'.mm' respectively. 

This difference was not due solely to differences in resting metabohsm which was 2.4 ml.kg"' .min' higher 

in the young children (Table 21), but was also due to an immamre respiratory system and poor runnmg 

technique. This increased metabohc heat production per kUogram of body weight is a distinct disadvantage 

for chfldren exercising at the same work rate as adults in hot conditions. 

Table 21. Basal metabohc rate of 10 year old boys and young adult men. 

Age Height Weight Basal Metabohc Rate 

yrs cm kg ml.kg-'.min' 

Statiis 

Boys 

Men 

10 

33 

137 

180 

30.4 

77,4 

5,9 

3.5 

From Thorstensson (1986) 

When considering temperature regulation studies in chfldren and adults, it is important to measure the 

gross efficiency of ttie individual as it is the total oxygen uptake minus work rate which contributes to the 

heat production. On a bicycle ergometer gross efficiency is essentiaUy the same as metabohc efficiency. 

i,e. Gross Efficiency = Woric x 100 

Energy expendimre 

Mechanical Efficiency = Woric x 100 

(Metabohsm - Resting Metabohsm) 
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witii its aUowance for resting metabohc rate is mappropriate for heat smdies as the resting metabohc rate 

also contributes to the heat production of the individual. 

In cycling studies, mechanical efficiency is usuaUy measured mstead of gross efficiency, Bar-or (1983) 

claims that mechaiucal efficiency is simflar in chfldren and adults ranging between 18 and 30%, More 

recenfly, Klausen (1985) has found that smaU chUdren working at a heart rate of 130 beats,mm-' had a 

medianical efficiraicy of 13%, This is almost 10% lower than the mechanical efficiency found in adults. 

Mechanical and metabohc efficiencies are hard to compare between chfldren and adults because other 

factors wiU effect the efficiencies of chfldren and adults to different extents, i,e, 

i) the length of the pedal crank, 

ii) the frame size of the bicycle, 

iii) the amount of energy lost in ttie chain drive and flywheel, and 

iv) the error involved in settuig work rates on different Monark ergometers, 

FAT 

Haymes (1975) looked at the heat tolerance of lean and obese boys exercising in different environments. 

The boys walked on a treadmiU at 4,8 km ,hr' and up a 5 % grade. The different environmental temperamres 

for tiie tiieadmUl waUc were 26°C, 36°C, 42°C and 48°C witii low relative humidities (22 -25%), The obese 

ChUdren of this smdy walked at a 7% higher percentage of VO^maximum ttian the lean chfldren (Table 22) 

and therefore were exercising at higher heart rates and core temperatures. The lean children were exercising 

at a 10% higher relative VÔ  (rrfl.kg-'.min') than the obese group which mdicates that tiiey had a higher 

relative heat production and necessarily needed to sweat more to lose heat. Also, the lean group had a 21 % 

greater surface area per mass ratio than the obese group which meant that they absorbed convective heat 

faster than the obese group at air temperamres above 36°C. 

Table 22. Riysical and physiological characteristics of lean and obese prepubertal boys and their 

submaximal oxygen consumption. 

Subjects Obese Lean 

Variables 
— 

33.5 

1.15 

345 

15 

51 

22,1 

43 

Adapted from Haymes (1975), 
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Age (yrs) 

Weight (kg) 

Surface Area (m^) 

SA/Mass (cm^ .kg-') 

Fat(%) 

VO^max (ml.kg-'.min') 

VOj (ml.kg-'.min-') 

%V02max 

10 

51.4 

1.45 

284 

31 

40 

20.2 

50 



In 48°C air tonperatures the core temperatiires of both the lean and obese chfldren did not reach thermal 

equihbrium. This was probably due to both groups reaching maximal sweat rates and not being able to 

supply enough ev^wrative coolmg power (Table 23). In the 42°C heat the lean chUdren reached ttiermal 

equUibrium whfle the obese difldren demonstrated continuaUy increasing core temperatures. The 

disadvantage of the lean group's surface area per mass ratio exercising in very hot conditions was negated 

by their 8% higher specific heat and greater aerobic fitiiess. Specific heat was 0.78 and 0.72 

KcaLkg-'.°C' for the lean and obese groups respectively. The lean chfldren also reached this equihbrium 

because they were able to evaporate sweat at close to ttie maximal rate whUe maintaming a low final heart 

rate of 135 b.min'. 

Table 23. Relative evaporative heat loss rates for lean and obese chfldren at different air temperamres. 

Group 26°C 36°C 42°C 48°C 

Lean chfldren 

Obese chflchien 

Differences 

4.47* 
4.02 

10% 

7.28 
5.36 

35% 

10.47 

5.93 

76% 

11.27 
8.22 

37% 

Adapted from Haymes (1975) *Units W,kg-' 

The obese children did not reach thermal equihbrium because their evaporative sweat rate was below the 

required rate to lose sufficient heat but it was also below their maximal sweat rate (Table 23), The obese 

group's high final heart rates (162b,min-') indicate that they were cardiovascularly sti-essed and perhaps 

this induced a vasoconstriction which reduced the skin's blood flow and led to a smaUer than optimal 

evaporative sweat rate. Both the lean and obese chUdren were in thermal equihbrium in the 36°C heat. It 

appears from this study that the leaner fitter chUclren can tolerate walking in hotter environmental 

conditions (up to 42°0, whfle the obese are at risk of excessive heat stress which is likely to lead to heat 

exhaustion. The main limitation of this study was that ttie obese chUdren were waUcing at a higher relative 

percentage of VO^maximum (+7%) and consequentiy were expected to have higher core temperatures and 

heart rates. To effectively evaluate the fliennoregulatory differences between fat and lean prepubertal boys 

both groups should be exercising at the same percentage of Wjmaximum. The main reason for the lesser 

heat tolerance of the obese boys exercismg at the same woric rate as the lean boys was their lower aerobic 

fitness which created a higher relative effort and flierefore a greater physiological and thermoregulatory 

strain. 

TheoreticaUy fat people wiU heat up faster than lean individuals, because tiie specific heat of fat is 0.4 

Kcal.gm'.°C' compared to water witii a specific heat of 0.98 Kcal,gm-',°C', The specific heat of fat free 

body mass is 0,8Kcal,gm'',°C', ChUdren can have a wide range of body fattiess. At this stage flie relative 

fatness of chUdren and adults estimated by body density has not been realisticaUy compared because flie 

Siri equation which is generaUy used for adults carmot be used for chfldren (Lohman,1987). Lohman 

(1989) has estabhshed tiiat chUdren have a different fat free body density to adults which was assumed 
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to remain constant at close to 1. lOg.cc'. As difldren mature tiieirpercentage body water decreases (Table 

24) from 79% to 74% for males and from 79% to 75% for females. Also the bone mineral percentage 

increases from around 4% to over 6% of body weight for both sexes. Botii these factors j^preciably affect 

the average lean body density which increases by approximately 0.03 from a young chfld to mamrity. If 

the Siri equation is used for the conversion this change in body density leads to a change in the calculation 

of percentage fatfiDm 6 to 19%. To achieve accurate percentage fat measurements; percentage body water, 

percentage bone mmeral and body density need to be measured. If an average percentage water and an 

average percentage bone mineral for a given age is placed in Lohman's revised formulas up to 5% errors 

in percentage fat can occur. It is therefore suggested tiiat Lohman's 1989 formula with its direct 

measurement of % body water and bone mineral % should become the gold standard for percent fat 

measurements. 

i.e. %Fat = (2.749 - 7.14 W + 1.146 B - 2.0503) x IQQ 

W = %body water. B = %bone mineral 
1 

Table 24. Fat free body composition and density in chUdren. 

Sex 

Variables 

Age (yrs) 

1 

1-2 

3 ^ 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

Water 

% 

79.0 

78,6 

77,8 

77.0 

76.8 

76,2 

75,4 

74,7 

74,2 

Male 

Bone Mineral 

% 

3.7 

4,0 

4.3 

4.8 

5.1 

5,4 

5,7 

6,2 

6.5 

Fat-fi^ 

density 

g.cc' 

1.068 

1,071 

1,075 

1,079 

1.081 

1.084 

1.087 

1.092 

1.096 

Water 

% 

78.8 

78.5 

78.3 

78.0 

77.6 

77.0 

76.6 

75.5 

75.0 

Female 

Bone mineral 

% 

3.7 

3.9 

4.2 

4.6 

4.9 

5.2 

5.5 

5.9 

6.1 

Fat-free 

density 

g.cc' 

1.069 

1.071 

1.073 

1.075 

1.079 

1.082 

1.086 

1.092 

1.094 

Lohman (1989) 

In conclusion, unless very accurate methods are used it is inappropriate to compare percentage fat of 

chfldren and adults because of tiie large conversion errors occuring m the different population specific %fat 

equations. If sophisticated equipment is not avaflable it is suggested tiiat tiie four skinfolds; tricep, calf, 

tfiigh and abdomen be used to estimate body famess. Slaughter (1984) has found tiiese sites to be ttie best 

pro^ctors of body density in chfldren. To ehminate the different %fat conversion errors ftom skinfolds 

to %fat between adults and children it is suggested tiiat for comparison purposes ttie sum of the above four 

skinfolds gives a reasonable estimate of subcutaneous fat. 
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High levels of subcutaneous fat does not act as an insulation layer for heat loss in hot conditions. Body 

heat is effectively transmitted to the skin in hot chmates due to the elimination of vasoconstriction of the 

arterioles supplying blood to the skm and a further active vasodilation of these arterioles as the body heats 

up due to exerdse (RoweU, 1986). Whenlheskinismaximany vasodilated Wood flows of up to 7-8 Lmin'can 

occur. This effectively moves tiie body's heat to the skin's surface for radiative, convective and 

evaporative dissipation. Acral body stmcmres such as the fingers, toes, nose and ears do not possess an 

active vasodflation system but their importance in thermoregulatory responses to heat stress is smaU 

(RoweU, 1986). 

Docherty (1986) also found that obese prepubertal chUdren are prone to exerdse heat strain when walking 

on a treadmUl at 6 km .hr' m 30°C heat and 80% humidity. These chUchien were generating more metabohc 

heat than lean chUdren and also working at a greater percentage of their aerobic capacity. This result is 

simUar to the one found by Haymes (1975) but does not reahsticaUy assess tiie effect of the smaUer specific 

heat of the fat child. To do this both the obese and lean children would need to be working at the same 

percentage of VOjmaximum. 

AEROBIC HTNESS 

It j^pears that average prepubertal chfldren have a sunilar aerobic power to active young adults. 

Prepubertal boys who have been directiy measured for VO^maximum often score between 

50 - 55 ml.kg-'.min' which is comparable to young men who remain physicaUy active (Table 25). 

Table 25. Reference values for aerobic power of healthy 6-18 year old Dutch chUdren 

Sex 

Boys 

Giris 

Age 

yrs 

6 
8 

10 
12 
14 

16 

18 
6 

8 
10 

12 
14 

16 

18 

n 

7 
7 
8 
6 

11 

10 

9 

7 
11 

5 

10 
11 

9 

10 

VO^max 

ml.kg''.min' 

47.0 
53.0 
52.7 
53.0 
51.1 

55.1 
51.7 

47.2 

43.0 

56.8 

46.5 
44.6 

42.6 

41.6 

Heart Rate max 

b.min' 

203 
207 
205 
206 
203 

202 

198 
205 

203 
205 

208 
200 

196 

200 

Data from Saris (1985). 
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The measurement of aerobic powerof average prepubertal gu-ls varies between43-48 nfl.kg-' .min' up until 

puberty after which it graduaUy declines as the percentage of body fat increases. Prepubertal girls are 

considered to have a 10% greater aerobic fimess than young women who remain physicaUy active (Bar-

or, 1983). Maximum heart rates (Saris, 1985) average just above 200 bts.min' for both girts and boys. 

Gauthier (1988) on a very large sample of (Ilanadian school children has produced a percentile table of 

predicted VO^maximum from an endurance run for performance of male and female chUchien between six 

and seventeen years of age (Table 26). These norms have been vahdated by direct measurements of 

VO^maximum on 573 subjects usmg a bicycle ergometer. The predicted VO^maximum values had a 

standard error estimate of about 5 ml.kg.'min' in each of the three age categories. The multiple correlation 

between direct VO^maximum, body mass and running time was 0.76 for the six to nine year olds, 0.80 for 

ttie 10-12year olds and0.82fortiie 13-17 yearolds. The runnmg distances were 800m, 1600m and2400m 

for the three age groups, respectively. 

Table 26. Percentiles by age group and sex for VO^maximum predicted from the endurance run time 

and weight of Canadian youths. 

Age groups (yrs) 

Sex 

Centiles 

99 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 

15 

10 

05 

01 

6-9 

males 

63.4* 

59.6 

57.2 

55.6 

54.5 

53.4 

52.3 

51.3 

50.5 

49.5 

48.3 

47.4 

46.2 

45.1 

44.0 

42.7 

41.5 

40.0 

37.7 

34.0 

21.6 

females 

57.4 

54.4 

52.3 

50.8 

49.7 

48.6 

47.7 

46.8 

45.7 

44.9 

43.9 

43.1 

42.3 

41.2 

40.3 

39.0 

37.7 

36.3 

34.4 

31.8 

24.0 

10-12 

males 

62.1 

60.0 

58.6 

57.7 

56.7 

55.9 

55.3 

54.6 

53.9 

53.1 

52.3 

51.2 

50.4 

49.4 

48.1 

46.9 

45.6 

44.4 

42.9 

39.3 

27.2 

females 

57.5 

55.3 

53.6 

52.6 

51.6 

50.7 

49.9 

49.0 

48.3 

47.5 

46.7 

46.0 

45.2 

44.4 

43.6 

42.7 

41.8 

40.5 

38.5 

36.5 

23.1 

13-17 

males 

66.5 

62.9 

60.8 

59.6 

58.5 

57.7 

56.9 

56.1 

55.4 

54.6 

53.8 

52.7 

51.9 

50.9 

48.9 

48.9 

47.7 

45.6 

43.5 

39.7 

26.8 

females 

57.7 

54.3 

52.1 

50.6 

49.4 

48.4 

47.7 

46.8 

46.1 

45.3 

44.6 

43.9 

42.5 

41.8 

41.0 

39.9 

39.9 

38.8 

37.7 

35.5 

30.1 

Gautiiier(1988) *units ml.kg-'.min' 
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The percentile tables (Gautiiier, 1988) are m approximate agreement witii tiie Saris (1985) data previously 

displayed witii average males scoring predicted VOjmaxunum values of 48, 52 and 54 ml.kg-'.mm' 

respectively for ttie three age categories. The average females scored predicted VO^maximum values of 

44,46 and 44 ml.kg-'.mm-' which is also simUar to ttie Saris data. The percentile tables also demonstrate 

ttiat ChUdren have a wide spread of predicted VO^maxunum values which indicates ttiat children have a 

simUar spread of aerobic fimess levels to adults. It carmot be said ttiat adults have sunUar average aerobic 

fitiiess scores to children because this depends greafly on ttie normal activity levels which the adults 

maintam. It is suggested that if both chfldren and adults mamtain optimal physical activity levels tiiat they 

wfll ehcit sinular average aerobic fitness values as measured by VO^maxunum. A Japanese smdy on a 

group of chUch^n between the ages of six and eighteen years old has also found sunilar average 

VOjnaaxmum values to Saris. Table 27 demonstrates that whUe aerobic power remains relatively constant 

in boys tiiere is a 43% improvement in endurance performance between ttie ages of six and eighteen. Giris 

improve 37% up to the age of fourteen and ttien decrease in paraUel with a decrease in aerobic power. It 

is hypothesized that this lower endurance capacity of children measured by a five minute run is due to their 

lower metabohc efficiency and lower levels of muscle strength (Rowland, 1989). These physical 

differences between chilch-en and adults imply that children have a lower work capacity and are hkely to 

fatigue more quickly ttian adults when exercising at the same work rate. 

Table 27. Aerobic power and 5 minute endurance performance of boys and girls. 

Age (yrs) 

6 

8 

10 

12 

14 

16 

18 

n 

M 

35 

35 

23 

34 

21 

23 

7 

F 

24 

23 

13 

26 

19 

17 

9 

Body mass 

(kg) 

M 

21.1 

26.2 

29.0 

35.9 

46.6 

54.6 

57.3 

F 

19.6 

25.2 

31.5 

37.6 

46.5 

49.2 

51.7 

VO^max 

(ml.kg'.min') 

M F 

49.3 45.6 

52.0 47.7 

53.4 49.5 

52.5 47.7 

55.2 44.0 

54.9 43.6 

52.4 40.1 

5 min run 

(m) 

M F 

934 824 

1026 915 

1085 983 

1199 1094 

1302 1123 

1327 1064 

1340 1024 

Yoshizawa (1986) 

In the hterature, heat smcUes comparing chflch-en and adults have often used the same absolute woric rate. 

Aerobic fitness is only an important factor in heat tolerance when the individuals being compared exercise 

at the same absolute work rate. The more physicaUy fit person wiU possess greater heat tolerance than ttie 

one who is less physicaUy fit. 

Hori and Uizuka (1979) tested eight young male subjects at a constant woric rate of 450 kgm.min' in 30°C 

and 79% relative humidity and found that there were high correlations between heat production and rise 

in 7^ (r=0.89) and percentage change in mass due to sweat loss (r = 0.81). The correlations of woric rate 

-39-



as a percentage of maximum work rate were much lower. Hori and Dizuka (1974) have demonstrated that 

it is the percentage of maximum heat production that gives the relative metabohc heat stress rather than 

tiie percentage of maximum work rate. Davies (1987) exercised chUdren and adults at 69% of 

VOjmaximum and found tiiat ttie 7^ for botii groups rose to 38,8°C. The chUdren and adults also had 

simflar VO^maxunum values of 65 and 68 nfl.kg.'min' respectively, GuUestadt (1975) tested eleven year 

old boys at various relative intensities and found that boys exercising at 50% of VO^maximum obtained 

a 7^ of 37.9°C. Saltin and Hennansen (1971) found ttiat twenty to thirty year old adults exerdsuig at 

50% VOjmaximum attained a 7^ = 38.1°C, which whfle higher is close to that found for chfldren, 

GuUestad (1975) states that the rise m rectal temperamre is less in chUdren because they start from a higher 

resting level (+ 0.6°C) than adults. Adams (1989) supports this position with her study of men and women 

of different body masses and measurement of resting oral temperamres. She foimd that the mean oral 

temperature measured over 16 hours was inversely proportional to body mass (r = -0.44), This has also 

been found across and between other homeothermic species and obeys the laws of thermodynamics. Body 

temperature is inversely related to body mass because metabolic rate and rate of heat loss are also both 

inversely related to body mass. This inverse relationship between body mass and core temperature appears 

to also hold for chfldren although there could be extra heat storage due to the metabohsm of growth. 
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CHAPTER 3 

METHODS 

This smdy was conducted ui two parts. The first part involved a comparison of the physiological and 

thermoregulatory responses between adults and chfldren exerdsing in theoreticaUy equivalent hot dry and 

hot wet climatic conditions without radiant heat The second part involved comparisons of physiological 

and thermoregulatory responses between adults and chUdren exercising in hot wet climatic conditions 

with varying levels of radiant heat and varying levels of metabohsm, 

PART A: CHILDREN AND ADULTS EXERCISING IN HOT WET AND HOT DRY 

CLIMATIC CONDITIONS WITHOUT RADIANT HEAT 

RESEARCH DESIGN 

The aim of part A of the study was to compare the physiological and thermoregulatory responses of 

ChUdren and adults exercising in commonly occurring hot conditions without radiant heat. The research 

design utihsed a three way analysis of variance with a discrete variable for status (chfld, adult) and repeatsd 

measures on climate (3 levels) and time (6 levels). The independent variables involved in this design were: 

Status - chilchien and adults. 

Chmate- the subjects repeated the exercise test at air temperamres equal to 22°C, 31°C and 35°C. 

Time - measurements were repeated on the subjects at 5 minute intervals during the 30 minute 

exercise test 

This analysis was generaUy performed separately for the male and female subjects involved in this smdy. 

WhUe there was an attempt to equahze the heat stress ^plied by the hot wet and hot dry climate via the 

effective temperature index, no attempt was made to compare the physiological effects of these two 

different chmatic types. Instead, the emphasis was placed on the differences between adults and chUdren 

in each of the hot climates and also on how the physiological and thermoregulatory responses differed to 

the neutral climate. 

SUBJECTS 

Twenty undergraduate physical education stiidents (ten males and ten females) from Victoria University 

of Technology volunteered for the adult group of the study. Informed consent and the approval of the 

Victoria University of Technology Ethics Ctommittee were obtained prior to the commencement of ttie 

study. Later, three adult subjects withdrew from the smdy. One male withdrew because of a hamstring 

injury, one female did not want to complete the strenuous thirty minute climate chamber tests, whilst 

another female had an aversion to the temperamre sensing ear canal probe. One female was eliminated 

ftom ttie analysis of the data due to her woricing at reduced woricrates in ttie two hotter climate chamber 

tests in comparison to the neutral climate chamber test. The 16 subjects who completed ttie smdy were 
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at various levels of aerobic fitness. Ihree of tiie subjects (two males and one female) were in serious 

training for triatiflon and long distance rurmmg events, whfle the mam physical activities of the remainder 

were undertaken withm ttie human movement courses conducted by tiie Department of RiysicalEducation 

and Recreation, 

Twenty-nine chfldroi from grades five and six at Ascot Vale Primary School volunteered for ttie smdy. 

Prior permission for the condud of the study was given by ttie Victorian Education Department and the 

Victoria University of Tedmology Ethics Committee and a consent form signed by the parents of the 

subjects. AU the chUdren were active m school sports but none trained seriously for ehte level sport A 

total of nine chUdren wittidrew from the study. Six girls felt that it would be too strenuous exercising m 

the heat forthirty minutes and two boys had an aversion to the ear probe, whilst anotherboy left the district. 

Ten boys and ten giris completed the smdy. 

The data of five chUdren (3 gfrls, 2 boys) were withdrawn from the analysis due to tiieir workmg at reduced 

workrates in the two hotter climate chamber conditions in comparison to ttieir workrate in the neufral 

chmate chamber concUtion. 

Since aU of the subjects were from Melbourne and the smdy was conducted in the cooler months of the 

year, it was assumed that none of ttie subjects were accUmatized to exercise m the hot wet and hot dry 

conditions estabhshed in the climate chamber. 

RATIONALE FOR THE CHOICE OF TESTS 

Anthropometric tests. Measurements were taken of variables which are hkely to affect temperature 

regulation. These included the surface area/volume ratio as estimated by the surface area and mass of the 

person; the ponderal index because of its estimate of body shape and subcutaneous fat as measured by 

skinfolds. The estimation of percent fat by underwater weighing was considered to be inappropriate for 

comparisons between children and adults. The Siri equation used to convert body density to percent fat 

m adults over estimates percentage body fat in chUdren (Lohman, 1989). 

Cardiovascular fimess test. Cardiovascular fimess was measured by an incremental vohtional 

termination VO^maximum test on a cycle ergometer as it is known to be strongly related to an uidividual's 

response to a temperature stress test (Hori and Ihzuka, 1979). It was also important to measure 

VO^maximum as the tiiirty minute climate chamber tests were to be conducted on a cycle ergometer at 

a woridoad which ehcited 50% of VO^ maximum. 

Thermoregulatory tests. Three thirty minute exercise tests were conducted on a bicycle ergometer 

under the envirorunental conditions shown in Table 28. The air temperature, humidity and air velocity 

conditions were chosen to simulate normaUy occurring hot and neutral conditions in Austraha. The air 

velocity of 4.0 m.sec' is the average wmd speed recorded in Austraha's state capital cities (Bureau of 

Meteorology, 1979). The exercise intensity was selected to be 50% VO^maximum for each mdividual. 

This enabled the chUdren and adults to exercise at ttie same relative intensity and unportantiy, complete 

each of the thirty minute exercise tests. An effective temperature equal to 25°C was chosen for the two hot 

conditions so that the subjects did not absorb heat convectively; 7 = 31°C, 35°C. 
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Table 28. WetBulbGlobeTemperatureandEffectiveTemperatureconditionschosenfortheexperiments 

ui the climate chamber. 

aimate 

1) Hot wet 

2) Hot dry 

3) Neuti-al 

Environmental Conditions 

T, 

CQ 

31 

35 

22 

T-w 
(°C) 

27 

21 

15 

^g 
ec) 

31 

35 

22 

RH 

(%) 

73 

28 

50 

WBGT 

CQ 

28.2 

25.2 

17.1 

ET4.0 

CQ 

25.0 

25.0 

14.0 

WBGT = Wet Bulb Globe Temperature 

ET4,0 = Effective Temperature at an ak velocity of 4.0m.sec' 

PROCEDURE AND DATA COLLECTION METHODS 

Anthropometry. Height was measured without shoes to the closest centimeter. Mass was measured 

in shorts and T-shirt for the chfldren and shorts and singlet for the adults to the closest 0.1kg using a Sauter 

electronic balance accurate to +5gms. 

Skinfolds were measured and remeasured by Harpenden skinfold calipers untU a repeatabflity within 5% 

was achieved. The sites utihzed were triceps, mid-abdominal, thigh and calf (Katch and Katch, 1984). This 

j^proach was adopted as the sites were spread over both trunk and hmbs and consequentiy suitable whole 

body estimates of subcutaneous fat were obtained. 

Surface area was calculated by tiie Dubois mettiod where: Surface Area (m )̂ = .00718xwt°''"xht°''" 

This mettiod was considered adequate by Martin (1984) as it predicted the surface area to within 1.5% of 

ttie surface area carefuUy measured on 17 cadavers. The formula is accurate in the range of 0.8 to 2.2m^ 

but is not considered suitable for babies and very young chUdren. 

The ponderal index (P/) was calculated using tiie formula PI=height(cm)/cube root mass(kg). This index 

is an indication of the linearity of chUdren and adults. Smce botti tiie numerator and the denominator have 

the same hnear dimensions tiiere is limited distortion of tiie ratio with an mcrease in size from chUdren 

to adults. 

Cardiovascular fimess. Cardiovascular fitiiess was determmed by an incremental workload test on 

a bicycle ergometer. Heart rate was recorded via electi-odes attached in the CM5 position and cormected 

to a Hewlett Packard cardiograph. Open circuit spirometiy techniques were utilized to detennme aU 

metabohc data (Consolazio, Pecora and Johnson, 1963). The subjects, witii nose pegs ui place, breatiied 

through a Morgan valve which was connected to a mixing chamber via 5cm diameter lightweight tubmg. 

Expired ventilation was measured fiiom tiie outiet side of tiie mixing chamber by a Pneumoscan mrbuie 

-43-



vCTitilation meter witii an estimated accuracy of+3%. The temperature of the gas was recorded by an 

electronic sensor in the mixing chamber connected direcfly to a personal computer. A sample of gas was 

pumped frx)m tiie mixing box at 4(X) ml per minute and analysed for percentage oxygen and percentage 

carbon dioxide by Apphed Eledrochemistiy (S3 A, CD3 A) analysers. The oxygen analyser was caUbrated 

by a knowTi gas sample before and after tiie test and drifted no more ttian .05 %. The carbon dioxide analyser 

was also caUbrated before and after the test and drifted by no more ttian 0.15%. The equipment was 

connected via A-D converters to an IBM-Personal Computer which calculated ttie VO^ and VCO^ every 

tfiirty seconds or every minute. A Monark cycle ergometer was modified for ttie chfldren with a lower 

adjustable seat and a one-half kflogram resistance weight so that relevant workloads could be more 

accurately set Both the chfld and adidt bicycle erigometers were staticaUy caUbrated for zero and 

incremental weight resistances usmg knovm cahbrated weights. The protocol was developed so that a 

linear regression analysis could be conducted between woridoad and VO^ for each mdividual (Table 29). 

The cycling cadence for both children and adults was set at 60 revolutions per minute. 

Woridoads were increased every two minutes up to ten minutes, and thereafter were increased every 

subsequent minute until vohtional exhaustion. Subjects were encouraged to stand on the pedals in order 

to keep going for a fiiU half minute on the last woridoad. Toechps were fitted to stop their feet slipping 

off the pedals. The VO^ data used for the hnear regression were fiiom the second minute in each of the first 

five workloads and then each mmute thereafter. A linear regression of VO^ with workload was used to 

predict the workloads that ehcited 50% of VO^maximum. In orderthatthe woridoad could be set accurately 

for each tiiirty minute chamber test the actual workload was determined as tiie closest 0.25kg resistance 

division under the predicted 50% workload. 

Table 29. Incremental woridoad protocol utUized for the determination of maximal oxygen uptake in 

children and adults. 

Time (mins) Child workload (kg) Adult woridoad (kg) 

1-2 0.25 0.50 

3-4 0.50 1.00 

5-6 0.75 1.50 

7-8 1.00 2.00 

9-10 1.25 2.50 

11 1.50 3.00 

12 1.75 3.50 

13 2.00 4.00 

14 2.25 4.50 

15 2.50 5.00 
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Thermoregulqtjf̂ n. On aU testing occasions the chUdren were dressed in shorts, shirt/T-shirt and 

joggers, whilst the adults wore shorts, singlet and joggers. The clothmg which was weired before and 

after thirty minutes of exerdse was found to have absorbed no more tiian 5-lOgms of sweat in both the 

31°C and 35°C heat conditions. The subjects were exercised at 50% VOjmaxunum on a bicycle ergometer 

for thirty minutes in a Japanese Tabai temperamre and humidity chamber. The temperature was held 

constant to ±1.0°C at 22°C, 31°C and 35°C, respectively. The humidity was held constant at 22°C but at 

SS'C tiie humidity was set at 28% and a mean drift was observed up to 39% after 30 nunutes of ttie exercise 

test At 31°C the humidity was set at 73% but exhibited a mean downward drift to 64% after ttiirty minutes 

of ttie exercise test The subjects were weighedprior to and unmediately after the thirty minutes of exercise 

in the temperature chamber on Sauter electronic scales accurate to +5 grams. On entering the chamber, 

ECG electrodes were placed in tiie CM5 position and YeUow Springs Instiiunents skin temperamre 

thermisters (series 400) were placed on the outside middle of the left upper arm, on the manubrium and 

the middle front ttiigh of the left leg. The skin thermistors were taped in position with leukoflex t^)e. These 

probes had previously been caUbrated in a water bath and were accurate to +0.1°C and were connected to 

an IBM computer via a telethermometer box. A bead thermister which had been independenfly calibrated 

in a water bath to an accuracy of ±0.1°C was graduaUy inserted into the external ear canal; until the 

temperature rose above 37.0°C or the probe touched the tympanic membrane; in which case it was backed 

off sUghfly to avoid the associated pain. The ear canal was then plugged with cotton wool to reduce ah 

movement into the canal and the lead was taped to the face to stop ttie probe from puUing out. The subject 

was cormected to the metabohc system (previously described) and asked to pedal at 60 revolutions per 

minute and constant resistance for thirty minutes. At the start of the test a large 108cm diameter fan 

(Hawker Siddeley) was directed at the subject with a constant wind velocity of 4m.sec-'. The fan was 

cahbrated with a cup anemometer held over the bicycle where the subject was seated. Heart rate, oxygen 

uptake, skin and ear canal temperamres were sampled every five minutes. These data coUection procedures 

were repeated at air temperamres of 22°C, 31°C and 35°C on each subject. 

DATA ANALYSIS 

The data was entered in a format which was suitable for analysis by the SPSSX package and a Hewlett 

Packard main frame computer. 

The foUowing calculations were performed so that the thermoregulatory data could be further analysed: 

1. Metabohsm (Watts) = 352.(0.23R + 0.77).VOj (Nishi, 1981) where R is tiie respiratory gas 

exchange ratio. Since R averaged 0.85 during tiie exercise tests, metabohsm = 340xVO2. 

VOj was averaged over the six readings recorded during the 30 muiute exercise test. 

2. Woric rate (Watts) = woric (Kgm.min-')/6.12 

3. Heat production (Watts) = Metabohsm - Work rate 

4. Metabohc Efficiency (%) = Work rate/MetaboUsm x 100 

5. Percentage VO^maxunum = Actual VO^/VO^msjurnxxm x 100 

6. Ev^xirative Mass loss (gms.hr') = Mass loss x 2 - respiratory mass loss- metabohc mass loss 

£ = 2.Mass loss- 60.(0.034 -0.(mP^).V -0.18VOj.60 

where P^ = Water Vapour Pressure (KPa), V = Ventilation Rate (Lmin'). (Kerslake, 1972) 
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7. Evaporative heat loss index (EHLI) 

EHLI = Evaporative mass loss/heat production 

8. Mean skm temperamrB(7j) = 0.57^+ 0.367t + 0.147^ (Gnicza, 1982) 

where 7p= tanperature chest 7̂ = temperamre ttiigh and 7^ = temperamre arm. 

9. Percentage of maxunum heart rate = heart rate/heart rate maximum x 100. 

10. Heart rate index = percentage of maximum heart rate/percentage of VO^maximum. 

The foUowing statistical analyses were performed on the HP computer. 

A. In order to estabUsh whether significant differences existed between the groups an Anova by sex 

and status (2x2 format) was performed for the sum of skinfolds, surface areaAnass, heart rate max, 

V^jmaximum, ponderal uidex and work rate in the chmate chamber. 

B. The differences between the groups exercising in the ttiree envirorunents was examuied by a 

multivariate analysis of variance technique. Manova by stams and climate (2x3 format) were 

performed for % VO^maximum, Metabohc Efficiency, Relative Heat Production, Relative 

Evaporative Mass loss and the Evaporative heat loss index. This analysis was generaUy repeated 

separately for the male and female subjects m the study. 

C. The differences between tiie groups exercising for thirty mmutes m the three environments was 

examined by a multivariate analysis of variance technique. Manova by stams, chmate and time 

( 2 x 3 x 6 format) were performed on ear canal temperamre, mean skin temperamre, heart rate, 

percentage maximum heart rate, heart rate index and oxygen uptake. This analysis was generaUy 

repeated separately for the male and female subjects in the smdy. 

D. The possible reasons for the differences between flie groups was examined by an analysis of 

covariance. The variables used as covariates in the analysis were: 

i) The sum of skinfolds. 

ii) The surface area/mass ratio. 

iii) The VO^maximum. 
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PART B: CHILDREN AND ADULTS EXERCISING IN HOT WET CLIMATIC 

CONDITIONS WITH DIFFERENT LEVELS OF RADIANT HEAT 

RESEARCH DESIGN 

The purpose of part B of ttie study was to compare the physiological and thermoregulatory responses of 

chfldren and adults exercising in hot wet conditions with varying levels of radiant heat and varying levels 

of metabohsm. This part of the research was conducted with two different designs. 

1. The first condition examined the physiological and thermoregulatory responses of chfldren and 

adults exerdsing at 50% VO^maximum and two levels of radiantheat The research design utihzed a three 

way analysis of variance with the discrete variable of stams (chUd, adult) and repeated measures on level 

of radiantheat (low, high) and repeated measures over time (6 levels). The independent variables involved 

in tills design were: 

Status - male chfld and male adult. 

Radiant heat - low and high. 

Time - repeated measures on the subjects at 5 minute intervals during tiie tiiirty minutes of the 

test. 

2. The second condition examined the physiological and thermoregulatory responses of chfldren and 

adults exercising imder two levels of radiant heat and increasing levels of metabohsm. This research design 

utilised a three way analysis of variance with the discrete variable of stams (child, adult) and repeated 

measures on levels of radiant heat (low, high) and repeated measures of increasing levels of metabohsm 

Gow, medium, high). The independent variables involved in this design were: 

Status - male chfld and male adult. 

Radiant heat - low and high. 

Metabohsm - repeated measures often minutes of exercise at approximately 35%, 50% and 65% of 

VOjmaximum. 

SUBJECTS 

Ten male undergraduate physical education smdents fiiom Victoria University of Technology volunteered 

for ttie adult group of the study. Informed consent and approval of the Victoria University of Technology 

Ethics Committee were obtained prior to ttie commencement of ttie smdy. The students participated in 

weekly human movement classes and were not considered to be ehte level athletes. 

Ten male students ftx)m grades four, five and six at Ascot Vale Primary School volunteered for the 

chUdren's group after approval was given by the School CouncU and the Victoria University of 

Technology Ettiics Committee and a consent form was signed by tiieir parents. The chfldren aU played 

school sport but none were considered to be eUte or highly trained athletes. 

Since aU of the subjects were from Melbourne and the study was conducted in ttie cooler monttis of the 

year, none of the subjects were deemed to be accUmatized to exercising in the hot wet conditions witii 

radiant heat estabhshed in the climate chamber. 

-47-



RATIONALE FOR THE CHOICE OF TESTS 

Antiiropometric tests. Measurements were taken of tiie variables considered by the researcher as 

Ukely to affect temperatiire regulation. The rationale for test selection were tiie same as for ttiose discussed 

in part A of the smdy (page 42). 

Cardiovascular fitne.s.s te.st Cardiovascular fitiiess was measured by an mcremental woridoad to 

maximum protocol on a bicycle ergometer with vohtional termmation of the test by the subjects. 

Thermoregulatorv tests witii radiant heat and constant metabolism. Two exercise tests of 30minutes 

duration were conducted on a bicycle ergometer in the environmental conditions as detailed in Table 30. 

Botii tests were preceded by 10 minutes of exercise in the chmate chamber without tiie radiant heat. This 

preliminary 10 minutes adjusted the subjects to exercise in the heat so that the physiological and 

tiiermoregulatory responses due to the addition of either high or low levels of radiant heat could be 

evaluated. The conditions were chosen to simulate the hot wet conditions incluchng radiant heat which 

often occur in Australia. The air velocity of 4.0m.sec' is the average wind speed recorded in Austraha's 

State Capital Cities (Bureau of Meteorology, 1979). The exercise intensity was selected to be 50% VO^ 

maximum for each individual. This enabled the children and adults to exerci se at the same relative intensity 

and complete each of the forty minute exercise tests. The purpose of this experiment was to ascertain the 

physiological and ttiermoregulatory differences between children and adults when they exercised at ttie 

same relative intensity in radiant heat. 

Table 30. Wet Bulb Globe Temperamre and Corrected Effective Temperamre conditions chosen for ttie 

experiments in the chmate chamber. 

Environmental Conditions RH WBGT CET4.0 

7 7 7 
a w g 

(°c) (°c) ec) (%) (°c) (°c) 
Chmate 

l)Hotwd 31 27 37 73 28.8 28.0 

low radiant 

2) Hot wet 31 27 49 73 30.0 31.5 

high radiant 

WBGT = Wet Bulb Globe Temperamre 

CET4.0 = Corrected Effective Temperamre at an air velocity of 4.0m.sec-' 

Thennoregulatory tests witii radiant heat and increa.sing metabohsm. Two bicycle ergometer 

exercise tests, each at tiu-ee levels of metabohsm (approximately 35%. 50% and 65% VO^maximum) were 

conducted under two different radiant heat loads. Botii exercise tests lasted 30 minutes witii 10 minutes 

at each level of metabohsm. This experiment was conducted in tiie environmental conditions as detailed 
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in Table 30. The purpose of this experiment was to ascertain the physiological and thermoregulatory 

differences between chUdren and adults when metabohsm is increased under radiant heat stress. The upj)er 

metabohc level of 65% was chosen because ttiis appears to be close to the maximum that athletic chUdren 

can maintam for up to one hour in neutral climatic conditions (Davies, 1979). 

PROCEDURE AND DATA COLLECTION METHODS 

Anthropometry. Height mass, and skinfolds were measured by the same methods previously 

described in part A (page 43). The surface area to mass ratio and the ponderal index were also calculated 

by the methods described earher (page 43). 

Cardiovascular fimess. The protocol and open circuit spirometry techniques as reported hi part A 

were used to gather the metabohc data. Heart rate was measured by a Polar PE 3000 sportstester rather 

tiian an electrocardiogram machine. The woridoad which ehcited 50% of VO^maximum was calculated 

by the linear regression method (page 44). 

Thermoregulation with radiant heat and constant metabohsm. Both the children and adults wore 

shorts and joggers in the two 40 minute exercise tests conducted under hot wet conditions. The subjects 

exercised on a bicycle ergometer at a workload calculated to ehcit 50% of VO^maximum. The tnmk was 

left bare for direct radiant heat exposure to the back and left side. The first 10 minutes of the test was 

coriducted at an air temperamre of 31 °C and high humidity (77±6%) in a Tabai temperamre and humidity 

chamber. Two 60cm strip rachators were switched on after flie initial 10 minutes of exercise. One was 

directed at tiie back and set at a distance of 55cm fiiom the body and the other, positioned at right angles 

to the first was directed at the leftside of the body and also set at a distance of 55cm. The bars of the radiators 

were aligned to be paraUel to the subject's trunk while he was sitting on the seat of the bicycle ergometer. 

The heat ou^ut fiiom the radiators was made variable by the attachment of a resistor. The resistor was 

adjusted to maintain either a black bulb temperature (7) equal to 37°C or a black bulb temperamre equal 

to 49°C. The black bulb temperamre was measured by a 12cm black bulb tiiermometer set at shoulder 

height. These radiators graduaUy increased the air temperamre and reduced the humidity within the climate 

chamber despite the maximum effort by the environmental chamber to maintain the setting. In the low 

radiant heat experiment the air temperature increased from 31°C to 32°C and the relative humichty 

decreased from 77±6 to 72+3%. In the high radiant heat experiment ttie air temperamre increased from 

31°C to 34°C and the relative humidity decreased from 77±6 to 66±2%. A 108cm diameter fan was 

directed at ttie trunk and face with an air velocity of 4.0m.sec-' for ttie duration of the tests. The subjects 

were weighed on Sauter electronic scales accurate to +5grams before going into the chmate chamber and 

unmediately after 40 minutes of exercise. A sports tester was fitted before entering the chamber to measure 

heart rate at 5 minute intervals during ttie test. A smaU ttiennister previously cahbrated to ± 0.1°C was 

graduaUy inserted into tiie external ear canal until tiie temperamre rose above 37.0°C or touched tiie 

tympanic membrane; in which case it was backed off shghtiy to avoid tiie associated pain. The ear canal 

was then plugged witii cotton wool to reduce air movement mto the canal and flie lead was taped to tiie 

face in a way which stopped tiie probe from pulUng out of tiie ear. This tiiermister was connected to an 

IBM computer via a teletiiermometer box so that tiie ear canal temperamre could be measured at five 
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minute intervals duringthe exercise tral. The subjectwas also connected to a metabohc system (previously 

described) and asked to pedal at 60 revolutions per minute and at a constant resistance for 40 mmutes. 

Oxygen uptake was recorded every five mmutes during the test Five skin temperatiire sites were measured 

by a hand held mfrared surface thermometer (Everest Interscience) accurate to ±0.5°C. Three of the sites; 

lower right back, lower left back and left upper arm at the level of the medial deltoid muscle indicated skin 

temperatures exposed to radiant heat and two of the sites; right upper arm at the level of the medial deltoid 

and ttie cheek one centimeter below the left orbit of ttie eye uidicated skin temperatures not exposed to 

radiant heat The thermometer recorded skin temperamre instantaneously when pointed at the skin. 

Tonperature probes could not be used because they would have been heated up more than the skin by ttie 

radiators. The five skin sites were sampled at five minute intervals during the exercise test A dew point 

sensor (Beckman) cormected to a 12cm^ cs^sule was used to measure the humidity in the climate chamber 

at ten minute intervals during the exercise test. 

Thermoregulation with radiant heat and increasing metabolism. These tests adopted ttie same 

environmental conchtions to that described previously for hot wet conditions with rachant heat except ttiat 

the subjects exercised on the bicycle ergometer for a total of thirty minutes at 60 revolutions per minute. 

This tiiirty minutes of exercise comprised ten minutes exercising at approximately 35% VO^maximum, 

ten mmutes exercising at approximately 50% VO^maximum and ten minutes exercising at approximately 

65% VO^maximum. The experiment was carried out at low (7 = 37°C) and high (7 = 49°0 radiant heat 

loads with the chmate controls set at 7^= 31 °C and humidity equal to 73%. The effect of the radiant heaters 

resulted in an increase in air temperamre from 31 °C to 3 2°C in the low radiant heat and from 31 °C to 34°C 

in the high radiant heat experiment The humidity was maintained at a high level but decreased during the 

tiiirty minutes from 82+8% to 72+2% in tiie low radiant heat and from 72±3% to 68±4% in the high radiant 

heat experiment Skin temperamres and ear canal temperatures were coUected at five minute intervals as 

previously described In order to calculate sweat rate body mass was recorded before and immechately after 

tiiirty minutes of exercise on Sauter electronic scales accurate to +5grams. Metabohsm and heart rates 

were also recorded at five minute intervals. Humidity of the chamber was recorded at ten minute intervals 

tiuoughout the experiment (5,15 and 25minutes respectively) by a Beckman dew point sensor. 

DATA ANALYSIS 

The data was entered in a format which was suitable for analysis by ttie SPSSX package and a Hewlett 

Packard main frame computer. The foUowing calculations were performed so that the thermoregulatory 

data could be fiirttier analysed, 

1, Metabohsm (Watts) = 340 x VO.^ (litres). Metabolism was averaged over ttie eight readings of ttie 

exercise test for the 50% effort tests and was averaged over the ten minutes at each level of flie 

increasmg metabohsm tests. The metabohsm was also reported as an acmal percentage of 

W^maximum for each individual for each test and at each level of metabohsm. 

2, Rate of Woric (Watts) = work (kgm,mm-')/ 6.12 

3, Heat Production (Watts) = Metabohsm - Woric rate 

4, Metabohc Efficiency (%) = Woric rate/Metabohsm x 100 
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5, Sweat rate (g.hr') = weight loss/test duration in mmutes x 60. Evaporative weight loss was not 

calculated because large beads of sweat formed on tiie forehead and back of ttie irradiated subjects 

and an unknown portion of sweat dripped on the floor. The air velocity of 4m,sec-' generated from 

the fan did not ensure evaporation of aU of the large beads of sweat, 

6, Sweat heat loss index (SHLI) was calculated to represent tiie sweat lost in proportion to tiie heat 

produced by the body, 

SHLI = sweat rate/heat production 

7, Mean skm temperature was represented by the average of the three radiant skin sites Gower right 

back, lower left back, upper left arm) and the average of the two non-radiant skm sites (upper right 

. arm and cheek), 

8. Humidity in the chamber was measured by calculating the partial pressure of water vapour using 

the formula 

P^= 13.3-.605 7^p+.0411 (7jp)̂  where 7̂ p is the dew point temperamre of the air in the chamber. 

Relative humidity = P^ / /'^ x 100 

9. Percentage of maximum heart rate = heart rate/ heart rate maximum x 100, 

10. Heart rate index = percentage of maximum heart rate/percentage of VO^maximum. 

The foUowing statistical analyses were performed on the HP computer. 

A. hi order to establish whether significant differences existed between the groups a univariate 

analysis of variance was performed for the sum of skinfolds, surface area/mass, heart rate max, 

VO^maximum and ponderal index. 

B. The differences between the groups exercising m the constant metabolism condition was examined 

by a multivariate analysis of variance technique. Manova by status, radiant heat and time (2 x 2 x 

6 format) were performed for oxygen uptake, mean temperature of skin exposed to the radiant heat, 

mean temperature of the skin not exposed to the radiant heat ear canal temperature, heart rate, 

percentage of maximum heart rate and heart rate index. Also the prehminary 10 minutes of exercise 

withoutthe radiantheat was analysed by amultivariate analysis of variance technique. Manova with 

a 2 X 2 X 2 format were performed for the previous six dependent variables. 

C. The differences between the groups exercismg in ttie constant metabohsm condition was examuied 

by a multivariate analysis of variance technique. Anova by stams and radiant heat (2x2 format) 

were perfonned for rate of woric, mean metabohsm, heat production, relative heat production, 

percentage of maximum oxygen uptake, sweat rate, relative sweat rate and sweat heat loss index. 

D. The differences between the groups exercising in the increasing metabohsm condition was 

examined by a multivariate analysis of variance technique. Manova by status, radiant heat and time 

( 2 x 2 x 6 fonnat) were performed for oxygen uptake, mean temperamre of skin exposed to ttie 

radiant heat mean temperature of the skin not exposed to ttie radiant heat, ear canal temperature, 

heart rate, percentage of maximum heart rate and the heart rate mdex. 
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E. The differences between the groups exerdsing in the increasing metabohsm condition was 

examined by a multivariate analysis of variance technique. Manova by stams, radiant heat and level 

of metabohsm ( 2 x 2 x 3 fonnat) were performed for rate of work, mean metabohsm, heat 

production, relative heat production, percentage of maximum oxygen uptake, sweat rate, relative 

sweat rate and sweat heat loss index. 

F. The possible reasons for the differences between the groups was examined by an analysis of 

covariance. The variable used as a covariate in ttiis analysis was the surface areaAnass ratio. 

The level of significance, a = .05 was adopted for aU statistical tests. 
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CHAPTER FOUR 

RESULTS 

PART A: CHILDREN AND ADULTS EXERCISING IN HOT WET AND HOT DRY 
CLIMATIC CONDITIONS WITHOUT RADIANT HEAT 

The purpose of Part A of the study was to compare the physiological and thermoregulatory responses of 

chUdren and adults exercising m hot wet and hot dry envirorunental conditions without radiant heat. 

Baseline data was estabhshed in a neutral climate to see if chUdren and adults responded differentiy in the 

two hot climates. GeneraUy the analysis was performed separately for males and females due to ttie female 

chUdren significantiy decreasing the percentage of VO^ maximum at which they worked in comparison 

to the female adults in the hot chmatic conditions. The results of the experiments are presented in sections 

as foUows: 

1. Subjects' characteristics 

2. Work rate and metabolism 

3. Heart rate responses 

4. Evaporative heat loss responses 

5. Mean body temperamres 

6. Covariates; Skinfolds, SA/Mass, VO^ maximum 

1. SUBJECTS' CHARACTERISTICS 

HEIGHT, MASS AND AGE 

The subjects' characteristics are presented in Table 31. The mean age of ttie prepubertal chUdren was 10.2 

years. Botii groups were 143 cms taU and 37.0 kg and 40.8 kg for ttie males and females, respectively. The 

female children were 86% of ttie height of their adult conti-ols and 72% of tiieir mass. The male children 

were 79% of tiie height of tiieh adult conti-ols and 48% of tiieir mass. 

SURFACE AREA/MASS 

There was a significant difference for tiie surface area/mass ratio between ttie child and adult groups (Table 

31). The male chUdren had a 31.6% greater surface area to mass ratio tiian tiie male adults whUst female 

chUdren had an 8.3% greater surface areaAnass tiian ttieir adult counterparts. The significant interaction 

between sex and status (Appendix C-1) uidicated tiiat tiie difference between the two male groups was 

greater than tiie difference between the two female groups. 

PONDERAL INDEX 
A significant interaction existed between tiie groups on tiie calculation of tiie ponderal index (Table 31). 
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The male adults were 2.1 % less than ttie male chfldren and the female adults were 4.1% greater ttian the 

fonale chUdren (Appendix C-1). There were no main effects for either stams or sex. 

Table 31. Physical and physiological characteristics of the subjects. 

Characteristics Males Children Adults 

Age (yr) 

Height (cm) 

Mass (kg) 

SA/Mass (cm^kg-')* 

Ponderal Index 

Sum skinfolds (mm)#* 

VOjmax (ml.kg-'.min')#* 

Heart Rate max (b.min') 

'10.2±0.92^ 

143±11.5 

37.0+11.1 

337+40.6 

43.3±2.4 

51.2±19.0 

53.1±4.6 

197+7.0 

21.3±1.0 

180±6.8 

76.4±7.3 

256+11.6 

42.4±1.2 

29.5±7.2 

58.7±6.5 

193+6 

Characteristics Females CJiildren Adults 

Age (yr) 

Height (cm) 

Mass (kg) 

SA/Mass(cm2kg-')# 

Ponderal Index 

Sum skinfolds(mm)#* 

W^max (ml.kg-'.min-')#' 

Heart Rate max (b.min') 

i\ii* 

10.3±1.0 

143+8.5 

40.8±6.9 

314+21.8 

41.7±1.2 

67.5±20.4 

44.1±7.9 

196+10 

20.1±0.9 

166±5.6 

56.4+7.9 

289±21.5 

43.4±1.7 

56.6±23.2 

48.2±8.0 

189+8 

# Significant difference between chfldren and adult groups 

* Significant difference between male and female groups 

' = mean ^ = standard deviation 

SUM OF SKINFOLDS 

There was a significant difference between tiie adult and chfld groups for tiie sum of skinfolds (Appendix 

C-1). The male chfldren's skinfold sum was 73.5% greater tiian tiie male adults. The female children's 

group was 19.3% greater ttian ttie female adult group (Table 31). There was also a significant difference 

between tiie sexes; witii tiie female groups having higher skinfold sums tiian tiiose of the male groups. 

MAXIMUM OXYGEN UPTAKE 

VOj maximum was significantiy different between tiie sexes (Table 31) witti ttie female groups 

demonstiTiting lower values tiian the male groups. There was a statisticaUy significant difference at 
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p = .055 between ttie chUd and adult groups (Appendix C-1). The male adult group had a 10.5% higher 

VO^ maxunum tiian tiie male chUd group. The female adult group had a 10.9% higher VO^ maximum tiian 

tiie female chfld group. 

HEART RATE MAXIMUM 

Heart rate maximum recorded on tiie bicycle ergometer during the maximal oxygen uptake test did not 

significanfly differ between the groups (Appendix C-1). However, tiie chfldrens' groups maximum heart 

rates did tend to be higher tiian tiie adult groups. The male chfldren's group averaged 4 bts.mm-' higher 

tiian ttie male adult group. The female chfldren's group averaged 7 bts.min' higher ttian ttie female adult 

group (Table 31). 

2. WORK RATE and METABOLISM 

WORK RATE 

The work rate was calculated from the VO^ maximum test by linear regression and was prechcted to be at 

50% of VOj maximum (Table 32). The adult groups' work rates were significantiy greater than ttie 

childrens groups (Appendix C-1). The male adult work rate was approximately three times greater tiian 

ttie male chfld work rate (Table 32). The female adult work rate was just less tiian ttiree times greater ttian 

the female chfld woric rate. There was also a significant difference between the sexes for work rate. The 

male groups' work rates were greater than the female groups'. 

Table 32. Work rate for ttie three 30 minute climate chamber tests. 

Statiis Sex Work rate (watts) 

C3iildren# Male* '41±13^ 

Female 31±7 

Adults Male* 139±20 

Female 86+10 

# Significant difference between the chfld and adult groups. 

* Significant difference between the male and female groups. 

' = mean ^ = standard deviation 

AVERAGE METABOLISM 

Since the work rate was kept constant over the 30 minutes of the exercise test; the six oxygen uptake 

samples taken at 5 minute intervals were averaged and converted to metabohsm (watts). 

Male 

The adult group utihzed more tiian double the metabolism of the chUdren (Table 33). There were no 

significant differences for the metabohsms between the tiiree chmates (Appendix C-2). 
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Female 

There was a sigruficant difference between the chUd and adult groups with the adults requiring ahttle less 

than double the metabohsm of the chfldren (Table 33). Sunflar to the males there was no significant 

difference for metabohsm between the three climates (Appendix C-2). 

Table 33. Average metabohsm for the male and female groups m the three climates. 

Group 

MALES 

ChUd# 

Adult 

FEMALES 

ChUd# 

Adult 

Metabohsm 22°C 

'323±852* 

740+130 

285±53 

477±33 

Metabohsm 31°C 

309±71 

734+110 

26Q±46 

481±35 

Metabohsm 35°C 

326±85 

724+107 

268±43 

479±37 

# Significant difference between the adult and chfldren groups * units = watts 

' = mean ^ = standard deviation 

AVERAGE METABOLISM AS A PERCENTAGE OF VO^ MAXIMUM 

Total sample 

Figure three demonstrates that there was a significant interaction between stams and sex (Appendix C-2). 

No significant difference was observed between the two male groups for the percentage of VO^ maximum 

at which they exercised while the female chUdren exercised at a significanfly lower percentage of VO^ 

maximum than the female adults. Since the two female groups performed at different relative efforts they 

were subsequentiy analysed separately to the male groups. 

Male 

Figure three displays no significant differences in ^oVO^ maximum between tiie chUd and adult groups 

(Appendix C-2). Also ttiere were no significant differences in % VO^ maximum between the ttiree chmates. 

Female 

Figure three also exhibits a significant difference in % VOj maximum between tiie female chfld and adult 

groups (Appendix C-2). There was also a significant interaction between chmate and group; with tiie 

chfldren's group exercising at a significanfly lower %V0^ maximum than the adult group in the hot wet 

and hot dry chmates and a similar %V0^ maximum in the neutral climate. 
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METABOLIC EFFICIENCY 

Male 
The metabohc efficiency data as presented in Figure four displays a significant difference between the 

chUd and adult group (Appendix C-2). The male chfldren's group had a metabolic efficiency close to 13% 

and the male adult group had a metabolic efficiency averaging 19% (Appendix A-2). There was no 

significant effect due to climate. 

Female 

Figure four also displays a significant (hfference between the female groups (Appendix C-2). The female 

chUdren's group had a metabohc efficiency close to 12% and ttie female adult group had a metabohc 

efficiency averaging 18% (Appendix A-2). There was no significant effect due to climate. 

Male Female 

Neutral Hot-Dry Neutral Hot-Dry 

Climate 
(Mean ± standard deviation) 

* significant difference between ttie chfldren and tiie adult groups 

Children 
^ Adults 

Figure 4 Metabohc efficiency in tiie hot and neutral chmates witiiout radiant heat 
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HEAT PRODUCTION 

Male 

Figure five indicates there was no significant difference between the two groups for relative heat 

production (Appendix C-3). The male chfldren's mean heat production was 7.7 W.kg-' and the adults was 

7.9 W.kg-' (Appendix A-3). There were no significant differences between the three climates. 

Female 

Figure five demonstrates a significant difference between the female groups for relative heat production 

(AR)endix C-3). The chfldren's group generated 1.4 W.kg-' less heat than the adult group ui the two hot 

climates but produced a sunUar amount ui the neutral chmate (Appendix A-3). 
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Figure 5 Relative metabolic heat production in the hot and neuti-al chmates witiiout radiant heat. 
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OXYGEN UPTAKE 

Male 

There was no significant difference between tiie adult and child groups for oxygen uptake over tiie 30 

minutes of tiie exerdse test (Appendix C-3). However, tiiere was a ti-end for tiie chfldren to be exercismg 

at a lower WO^ during tiie test (Figure 6). The adult's VO^ was between 1 to 4 ml.kg-'.min' higher tiian 

tiiat of tiie chfldren m tiie tivee chmates and over tiie duration of tiie test (Appendix A-6). AdditionaUy, 

ttiere was a significant increase m tiie oxygen uptake of botii groups over time (Appendix C-3). This 

amounted to a 1 to 2 nfl.kg-'.mm' increase in VÔ  over tiie duration of tiie test. 
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Figure 6 Oxygen uptake and heart rate for males in the hot and neutral climates without radiant heat. 
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OXYGEN UPTAKE 

Female 

Figure seven iflustrates the significant difference in oxygen uptake between the adult and chUd groups 

(Ai^ndix C-3). The chfldren were working at a VO^ which was between 4 and 7 ml.kg-'.min' lower than 

ttiose of the adults. There were no significant differences m oxygen uptakes between the climates or over 

time within each climate. 
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Figure 7 Oxygen uptake and heart rate for females in tiie hot and neutral climates witiiout radiant heat. 
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3. HEART RATE RESPONSES 

HEART RATE 

Male 

Figure six Ulustrates the significanfly higher heart rate forthe chfldren's group compared to the adult group 

over the 30 mmutes of the exercise tests (Appendix C-3). There was also a significant mcrease in heart 

rate over time. In the neutral climate the chfldren's heart rates increased ftom 127 bts.mm' to 

140 bts.min-' compared to the adiflts who remained at 118 bts.mm' for the 30 minutes of exercise 

(Appendix A-9). The chfldren's group also mcreased their heart rates significanfly more than the adult 

group when they moved from the neutral climate into the two hotter climates as demonstiated by the status 

by chmate mteraction (Appendix C-3). The chfldren's heart rate at 5 mmutes mcreased ftom 

127 bts.mm-̂  to 143 and 146 bts.min' m the hot wet and hot dry climates, respectively. The adult's heart 

rate atthe same timeperiodmcreased from 118bts.min-̂  to 123 and 125 bts.mm-̂  ui the two hot conditions, 

respectively. At 30 minutes the chfldren's heart rate increased from 140 bts.mui-' to 143 and 

165 bts.min' in the hot wet and hot dry chmatic conditions, respectively. At the same time period the 

adult's heart rate increased from 117 bts.min-̂  to 129 and 128 bts.mm' m the same two hot conditions, 

respectively (Appendix A-9). 

Female 

Figure seven iflustrates the significanfly higher heart rate of the chfldren's group in comparison to the adult 

group (Appendix C-3). This occurred despite the chfldren exercising at a lower % VÔ  maximum than the 

adults. There was also a significant increase m heart rate over time. In tiie neutral climate the children's 

group increased from 130 bts.min' afterS minutes to 144 bts.min' after 30minutes of exercise. In the same 

conditions the adult group increased from 120 bts.min' to 124 bts.min' (Appendix A-9). The chUdren had 

a significanfly higher heart rate than the adults in tiie neutral (p=.058) and hot dry climate (p=.053) and 

a simUar heart rate in the hot wet climate (Appendix C-3). Despite exercising at a significanfly lower % VÔ  

maximum than the adult group in the hot dry conditions the children's heart rates were 14 bts and 20 bts 

higher at 5 minutes and 30 minutes of exercise, respectively (Appendix A-9). 

PERCENTAGE OF HEART RATE MAXIMUM 

Male 

The analysis of the percentage of heart rate maximum results had a similar response to the absolute heart 

rate results (Appendix C-3). Figure eight indicates that ttie chUdren's group was exercising at a 

significanfly higher percentage of heart rate maxunum than ttie adult group in aU three climate conditions 

and this trend appeared to be more accentuated after 30 mmutes of exercise. After this time mterval ttie 

ChUdren's group recorded heart rates which were 70%, 77% and 83% of heart rate maximum in the 22°C, 

31°C and 35''C climates, respectively. SimUariy, the adult group recorded heart rates which were 60%, 

66% and 66% of heart rate maximum in the 22''C, 31°C and 35''C chmates, respectively. The chUdren's 

percentage of heart rate maximum had increased significantiy more ftom neutral to hot conditions ttian 

ttie adults (Appendix C-3). This difference m % heart rate maximum appeared to be most evident between 

the neutral and hot dry conditions witii a 13% mcrease in the final percentage of heart rate maximum for 

tile children and a 6% mcrease forthe adults (Appendix A-10). 
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Female 

Figure eight iflustrates simUar values for the % heart rate maxunum between ttie adult and chfld groups 

(Appendix A-10). There were no significant differences between ttie groups (Appendix C-3). Figure eight 

also iflustrates a significant mcrease in the percentage of heart rate maximum over time. After 30 minutes 

of exercise the chUdren's group mcreased from 66% after 5 minutes U3 74% of heart rate maximum m 22°C; 

from 71% to 74% of heart rate maximum m 3 PC and from 72% to 81% heart rate maximum m 35°C. 

SimUariy, the adult group mcreased from 63% to 66% of heart rate maxunum m 22''C; from 66% to 72% 

of heart rate maxunum m 31°C and from 67% to 73% of heart rate maximum in 35''C (Appendix A-10). 

HEART RATE INDEX 

The heart rate uidex was calculated as the percentage of heart rate maximum divided by the percentage 

of VOj maximum. This index standardized the heart rate response in proportion to the exercising 

percentage of maximum oxygen uptake. 

Male-Female 

In both the males and females there was a significant difference for the heart rate index between the adult 

and chUdren groups (Appendix C-4). Figure nine iUustrates the higher heart rate index of the chUdren in 

comparison to the adults for the 30 minutes of the exercise tests. This difference was statisticaUy 

significant in the two hot chmates. In both the hot wet and hot dry conditions the male children's mean 

heart rate index (1.56) was 14% higher than tiie adults (1.37). Also m the two hot conditions the female 

children's mean heart rate index (1.69) was 27% higher than tiie female adults (1.33) (Appendix A-11). 

The chUdren also appeared to increase their heart rate index more than the adults during the 30 minutes 

of the exercise test but there were no significant differences between the groups as both increased over time 

by a similar amount (Appendix C-4). 

Total sample 

Since tiiere appeared to be no difference in tiie results of tiie separate analyses for the male and female 

groups it was appropriate to reanalysetiie data using a 4-way MANOVA to see if ttiere was any significant 

dUference between the sexes. There were no significant differences between the male and female groups 

(Appendix C-4). SimUar to the mdividual analyses for each sex there were significant main effects for 

chmate and time. The heart rate index mcreased m the hot wet and hot dry climates hi comparison to the 

neuti^ chmate and also increased over tiie 30 minutes of ttie exercise test. There were also two significant 

interactions that did not appear in the smaUer analyses (Appendix C-4). There was a significant Time by 

Climate interaction witii a greater drift in ttie heart rate uidex over time m the hotter climates in comparison 

to the neutral climate. Also the chUdren drifted significantiy more on the heart rate index over time in the 

two hot chmates than the adults. Taken as an average over tiie two hot clunates the chUdren drifted on the 

heart rate index by 0.14 which was double tiiat observed m tiie adults who drifted by 0.07 (Appendix 

A-11). 
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Figure 9 Heart rate index in the neutral and hot climates without radiant heat for the 30 minutes of 

the exercise test. 
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4. EVAPORATIVE HEAT LOSS RESPONSES 

EVAPORATIVE MASS LOSS 

It was demonstrated that the adult groups had a greater absolute evaporative weight loss than the chUdren's 

groups for aU three climates (Table 34). There was also a significant difference between the tiiree chmates 

with the two hot climates producing a much greater absolute ev^wrative weight loss than the neutral 

climate. 

Table 34 Absolute ev^qxirative mass loss for chUdren and adults 

Chmate Stams Mass loss (gm.hr') 

Males 

22°^^ 

31°^^ 

35"^^ 

Females 

22''C^ 

3PC^ 

35°^^ 

ChUd# 

Adult 

Chfld# 

Adult 

Child# 

Adult 

Child# 

Adult 

ChUd# 

Adult 

ChUd# 

Adult 

'162±77^ 

4711134 

3011102 

8771215 

3441144 

10681207 

61132 

148149 

224191 

3761112 

3051125 

6051209 

# significant difference between adult and chUdren's groups 

^ significant difference between climates 

' = mean ^ = standard deviation 

To compare flie evaporative weight loss between chUdren and adults the amount of water ev^xirated per 

kg of body mass was deemed an ^propriate comparison. 

Male 

Figure ten demonstrates the significant difference between the chUd and adult groups for relative 

evaporative mass loss in the two hot clunates (Appendix C-5). The adult's relative evaporative mass loss 

was 36% greater tiian ttie chUdren's in ttie hot wet chmate and 24% greater m tiie hot dry clunate (Appendix 

A-4). There were no significant differences between the groups in the neutral climate (Appendix C-5). In 

comparison to tiie neuti^ chmate tfie relative evaporative weight loss significanfly mcreased in tiie hot 

wet and hot dry climates (Appendix C-5). 
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Female 

There was a significant difference in the relative evaporative heat loss between the groups in ttie neutral 

conditions but not in the two hot conditions (Appendix C-5). There was also a significant increase in the 

relative evj^rative weight loss in the two hotter climates in comparison to the neutral climate (Figure 10). 

Male Female 

Neutral Hot-Dry 

Chilck-en 
Adults 

(Mean ± standard deviation) 

Neutral Hot-Dry 

Climate 

significant difference between tiie adult and the chUdren groups 

Figure 10 Relative evaporative weight loss in tiie neuti^ and hot cUmates witiiout radiant heat for tiie 

30 minute exercise test. 

EVAPORATIVE HEAT LOSS INDEX 

The relative evaporative weight loss does not take into consideration dflferences in relative heat 

production between chUdren and adults. To aUow for tiiese dflferences tiie evaporative heatloss index was 

calculated (evaporative water loss per unit of heat production). 
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Male 

The children had significanfly lower evaporative heat loss indexes than the adults in the two hot climates 

and a similar evaporative heat loss index (EHLI) in the neutral chmate conditions (Appendix C-5). The 

chUdren's EHLI of 1.13 gm.hr'.W-' was 29% less tiian tiie adult's EHLI of 1.46 gm.hr'. W-' m ttie hot wet 

conditions (Appendix A-5). In the hot dry conditions the chUdren's EHLI of 1.24 gm.hr'.W-' was 47% 

less than the adult's EHLI of 1.82 gm.hr'.W'. There was a significant mcrease m the evaporative heat loss 

index between the 22''C, 3 PC and SS'C chmates, respectively (Figure 11). 

Female 

There was no significant difference in the evaporative heat loss mdex between the adults and chfldren 

(> r̂pendix C-5). There was a significant increase m the evaporative heat loss index between the 22°C, 

31°C and 35''C climates, respectively (Figure 11). 

Male 
X 
0) 
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( D V Neutral Hot-Wet 

X t 3 
CD 
> 

03 
i^ 
O 
CL 
03 
> 

cr» 

2 -

1 -

Neutral Hot-Dry 

Chfld-en 

^ Adults 

(Mean t standard deviation) 

Female 

Neutral Hot-Wel 

1 
m 

Neutral Hot-Dry 

Climate 

* significant difference between tiie adult and tiie chfldren groups 

Figure 11 Evaporative heat loss mdex m tiie neuti-al and hot chmates witiiout radiant heat for ttie 30 

minute exercise test. 
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5. MEAN BODY TEMPERATURES 

MEAN SKIN TEMPERATURE 

Total sample 

Smce the envh-onment was considered to have the major effect on mean skin temperamre, males and 

females were analysed together (Figures 12 and 13). There were no significant effects for mean skin 

temperature for either stams or sex. However there was a significant climate by tune interaction where ttie 

mean skin temperamre decreased in T,=22°C and uicreased in the two hotter climates (Appendix C-5). In 

tiie 22''C climate the male chUdren decreased by 0.7°C over the 30 minutes of exercise to 27. PC and the 

male adults decreased by 1.0'C to 28.3''C over ttie same time period (Appendix A-8). In ttie 3 PC climate 

the opposite trend occurred when the male chUdren increased their mean skin temperamre by 0.8''C to 

34.3''C over the 30 minutes of exercise and the male adults increased by 0.3°C to 34.0°C over ttie same 

time period. In the 35°C climate the male children uicreased their mean skin temperamre by 0.6°C to 35.5°C 

over ttie thirty minutes of exercise and the male adults increased by 0.5°C to 35.7°C over the same time 

period. Figure 13 demonstrates a simUar pattern for the female subjects. There w as also a significant stams 

by sex by chmate interaction. The female children had ahigher mean skin temperamre {+1.2°C) in the 22°C 

chmate tiian tiie female adults and the male children had a lower mean skin temperamre (-1.2''C) tiian the 

male adults in the same environment (Appendix A-8). This difference occurred at 22"C whfle the mean 

skin temperamres in the two hotter climates were very similar between the children and the adults. Chmate 

was a significant main effect with the mean skin temperamre increasing in relation to the air temperamre. 

In the 22°C environment the mean skin temperamre of the females averaged 28.6°C and 27.4''C for the 

children and adults respectively. In the same environment the mean skin temperamre of the male children 

was 27.3°C and of tiie male adiflts was 28.5''C. This indicated tiiat tiiere was a 5 to 6°C skin to air 

temperature difference in tiiese neutral environmental conditions. In the 3 PC environment ttie mean skin 

temperature of aU the groups averaged between 34.0 & 34. PC. This was a +3°C skin to air temperamre 

difference in ttiese hot wet environmental conditions. In the 35°C environment the average mean skin 

temperature of the groups varied between 35.3 & 36.0°C which ti-anslated to an air to skin temperamre 

difference of less than l.O^C. 
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Figure 12 Core and skm temperamres of tiie male groups m tiie neuti-al and hot climates witiiout radiant 

heat for the 30 mmutes of tiie exercise test. 
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radiant heat for the 30 minutes of the exercise test. 
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CORE TEMPERATURE 

Total sample 

WhUe it might be considered inappropriate to compare male and female groups on core temperamre 

because the female chUdren exerdsed at a generaUy lower percentage of VÔ  maximum in the two hot 

climates it could stiU be of value to compare them as a six percent lower relative metabohsm should have 

a smaU effect on core temperature. 

There were significant differences on core temperature measured in the ear canal for both stams and sex 

(Figures 12 and 13). The ear canal temperamres of the chUdren's groups were 0.4 to O.Ŝ C higher than the 

adults in the two hot climates. In the 22°C climate the male children's core temperature averaged 0.4°C 

higher than the male adults whUe the female groups had the same average core temperamre (Appendix 

A-7). The core temperatures of the females were generaUy higher tiian the males. In the 22°C climate the 

females averaged 0.6''C higher than the males. In the 3 PC clunate the females averaged 0.2''C higher than 

the males and in the 35°C climate the females averaged 0. PC higher than the male groups. 

There was a significant time by chmate interaction with the core temperamre increasing in the two hot 

chmates and decreasing in the 22°C climate over the 30 minutes of the exercise test. There was a gradual 

increase in core temperamres of 0.1 to 0.3°C over the 30 minutes of the exercise test in the two hot 

conditions and this was simUar for both chUdren and adults (Appendices A-7 and C-5). In the 22°C climate 

there was a gradual drift downwards which averaged O.PC across the four groups. There was also a 

significant climate effect for ear canal temperamre. Core temperamre was increased in the two hot climates 

compared to the neutral climate. 

6. COVARIATES - SKINFOLDS, SA/MASS, VO^ MAXIMUM. 

Analyses were performed on the dependent variables which had been previously shown to be significantiy 

different between tiie adult and child groups. The analysis used was a multivariate analysis of covariance 

technique witii repeated measures over time and in tiie ttiree different climates. The independent variables 

used as covariates (skinfolds, surface area/mass, VO^ maximum) were analysed one at a time. Further 

analyses were undertaken on core temperamre to establish the differences between ttie children and adult 

groups in the different climates. 

COVARIATES EFFECT ON HEART RATE 

Male 

WhUe surface areaAnass was a covariate which ehminated ttie differences between the adult and child 

groups for heart rate in each of ttie ttwee different chmates, its regression equation did not reach 

significance (p = .066). Neither skinfolds or VO^ maximum accounted for tiie differences in heart rate 

between tiie adult and chUdren groups (Appendix C-6). 

Females were not considered in ttiis analysis as ttie chfld group exercised at a lower percentage of VO^ 

maximum ttian the adult group in the two hot climates. 
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COVARIATES EFFECT ON PERCENTAGE OF HEART RATE MAXIMUM 
Male 

WhUe the regression equations for skinfolds and VÔ  maximum were both significantiy related to 

percentage of heart rate maximum neither removed the difference between the adult and child groups. 

When surface area/mass was covaried with the percentage of heart rate maximum tiie difference between 

the chUdren and adult groups was removed but the regression equation did not quite reach significance 

(p = .064) (Appendix C-8). 

COVARIATES EFFECT ON HEART RATE INDEX 

Total sample 

Since there was no difference for the heart rate index between the male and female groups over the three 

chmates it was practical to include aU of the subjects together in an analysis of covariance. There were no 

significant correlations between heart rate index and the three covariates analysed separately. The 

covariates did not remove the difference between the adult and chUdren groups on ttie heart rate index 

(Appendix C-8). 

COVARIATES EFFECT ON EVAPORATIVE HEAT LOSS INDEX 

Male 

Males were considered separately on this variable because the two female groups did not have closely 

equivalent relative heat productions. The significant difference for the evaporative heat loss index 

between the two male groups was removed by covarying against the surface area to mass ratio, but its 

regression equation did not reach significance (Appendix C-6). Neither VÔ  maximum or skinfolds 

accounted for the difference between the chfldren and adult groups on ttie evaporative heat loss index. 

COVARIATES EFFECT ON CORE TEMPERATURE 

Total sample 

While neither skinfolds nor VO^ maximum had significant regression equations witii core temperamre 

over the three climates, they both had enough common variance to remove the difference in core 

temperatiire between tiie male and female groups (Appendix C-7). The analysis of covariance was 

subsequentiy carried out separately for each climate. 

In the neutral climate botii VO^ maximum and skinfolds had enough common variance with core 

temperamre to remove both the sex and stams differences. Surface area/mass removed the stams difference 

but not the sex difference. The covariates did not have a significant regression equation with core 

temperature (Appendix C-7). 

In ttie hot wet clunate the three covariates each had enough common variance with core temperamre to 

remove ttie sex difference but not the status difference. The covariates did not have a significant regression 

equation with core temperamre (Appendix C-7). 
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In the hot dry climate both skinfolds and VOj maximum had enough common variance with core 

temperature to remove the difference between the male and female groups. Surface area/mass also had 

oiough common variance with core temperature to remove both the sex and stams differences between 

ttie groups. Surface area/mass had a significant (p = .060) regression equation with core temperamre 

(Appendix C-7). The other two covariates did not have significant regression equations. 

PART B: CHILDREN AND ADULTS EXERCISING IN HOT VVET CLIMATIC 

CONDmONS WITH TWO LEVELS OF RADIANT HEAT. 

The purpose of part B of ttie study was to compare the physiological and thermoregulatory responses of 

chUdren and adults exercising in a hot wet climate with varying levels of radiant heat and varying levels 

of metabolism. The first experiment compared the responses of children and adults exercising at 50% VO^ 

maximum while being exposed to low and high levels of radiant heat. The second experiment compared 

the responses of children and adults exercising at increasing levels of metabolism whUe being exposed to 

low and high levels of radiant heat. The results of the experiments are presented in sections as foUows: 

Subjects' characteristics 

Experiment one: Constant metabolism with radiant heat 

1) Qimate chamber conditions 

2) Work rate and metabohsm 

3) Evaporative heat loss responses 

4) Mean body temperamres 

5) Heart rate responses 

Covariate: Surface area/mass ratio 

Experiment two: Increasing metabolism with radiant heat 

1) Qimate chamber conditions 

2) Woric rates and metabolism 

3) Evaporative heat loss responses 

4) Mean l)ody temperatures 

5) Heart rate responses 

Covariate: Surface areaAnass ratio 

SUBJECTS' CHARACTERISTICS 

The average age of the male adults was 23 years and the male chUdren was 10.3 years (Table 35). The adults 

were approxmiately twice as heavy as tiie chUdren and 34cm taUer. The average aerobic power of tiie two 

groups were simflar. The average skuifolds for tiie chfldren altiiough higher, were not significantiy 

different to the adults. The chfldren's maximum heart rate measured on the cycle ergometer test was 

significantiy greater than tiie adults. The chUdren's mean maximum heart rate at 200 bts.min' was 12 beats 

higher tiian the mean maximum heart rate of tiie adults. The ponderal index was not significanfly different 
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between the groups. The surface area to mass ratio was significanfly different between the groups with ttie 

chfldren's group having a 29.5% higher ratio than ttie adult group. 

Table 35 Riysical and physiological characteristics of the subjects. 

Variables 

Age (yrs) 

Height (cm) 

Mass (kg) 

VÔ max (ml.kg-'.mui-0 

Heart rate max (bts.min-')* 

Skinfolds (mm) 

Ponderal index 

SAAnass (cm^kg-')* 

Adult 

'23.014.2^ 

17615 

73.418.3 

51.918.4 

18813 

41.4111.3 

42.111.3 

258113 

Chfld 

10.311.1 

14218 

36.316.5 

52.415.6 

200113 

48.2125.6 

43.211.4 

334123 

* Significant difference between the groups 

^ = standard deviation ' = mean 

EXPERIMENT ONE: CONSTANT METABOLISM TEST IN A HOT WET CLIMATE 

WITH RADIANT HEAT. 

1) CLIMATE CHAMBER CONDITIONS 

AIR TEMPERATURE 

The chamber was set at Ta=31 °C. The air temperamre remained close to tiiis level for tiie first 10 minutes 

(Figure 14). The radiators were mmed on at 10 minutes ateitiier low (Tg=37''C) or high radiant (Tg=49°C) 

levels. There was a significant time by radiant heat mteraction (Appendix C-9). The radiant heat mflux 

was not fiUly neutralised by tiie temperatiire controfler and tiie air temperamre graduaUy increased to 32°C 

in the low radiant heat condition and to 34°C ui the high radiant heat condition (Figure 14). SunUar air 

temperamre conditions were experienced by the adults and the chUdren. 
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Figure 14 Air temperamre m tiie chmate chamber exposed to high and low levels of radiant heat during 

the constant metabohsm test. 
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RELATIVE HUMIDITY 

The chamber was set at a relative humidity of 73% to estabhsh the hot wet conditions experienced in 

tropical climates. Humidity was harder to control precisely than temperamre and was greatiy affected by 

the radiant heaters. The most significant effect was the reduction m humidity over the 40 minutes of the 

test. In the low radiant heat condition humidity for ttie whole group was reduced ft-om 80% to 72% 

(Appendix B-2). In the high radiant heat condition humidity for the whole group was reduced from 77% 

to 66%. The high radiant heat load reduced tiie humidity significanfly more than the low radiant heat load 

(Appendix C-9). Another significant factor was the fact tiiat the chfldren's humidity conditions were 

generaUy higher than the adults. The mean humidities (average of high and low radiant conditions) for the 

chUdren's group was 7% higher than the adult group at both the beginning and the end of the 40 minute 

exercise test (Appendix B-2). It can be claimed tiiat whUe humidity demonstrated a large variabUity 

between groups and over time; it stiU simulated the hot wet conditions experienced in many tropical 

climates (Figure 15). 
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Figure 15 Relative humidity in the chmate chamber in radiant heat during the constant 

metabohsm test. 
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2) WORK RATE AND METABOLISM 

WORK RATE 

The work rate which ehcited 50% VO^ maximum was approximately three times higher in tiie adult group 

ttian the chUdren's group (Table 36). The chUdren and adults exercised at the same work rate in the low 

and high radiant heat conditions. 

Table 36 Average work rate for the constant metabohsm experiment m hot wet conditions with radiant 

heat 

Group Work rate (watts) 

Adult* 

Child 

'12112P 

3617 

* Significant difference between the groups 

' = mean ^ = standard deviation 

OXYGEN UPTAKE 

No radiant heat 

In ttie first 10 minutes of the exercise test without radiant heat there were no significant differences in 

oxygen uptake between the chUdren and adult groups or between the low and high radiant conditions 

(Appendix C-9). Whfle there were no main effects, there was a group by time mteraction. The chfldren 

reduced their oxygen uptake between 5-10 minutes by an average of 1 ml.kg-'.min', whfle the adults 

increased their oxygen uptake over the same time period by an average of 1 ml.kg-'.min' (Appendix 

B-5). 

Radiant heat 

In the next 30 minutes of the exercise test with the appUcation of either low or high radiant heat loads there 

were no significant differences for mam effects or interactions (Appendix C-9). This uidicated ttiat ttie 

oxygen uptake remamed relatively constant for the duration of the 30 minutes of exercise for both ttie 

chfldren and adult groups (Figure 16). 
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Figure 16 Oxygen uptake for the constant metabohsm experiment in hot wet conditions with radiant 

heat. 
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MEAN METABOLISM 

Since tiiere were no significant main effects in oxygen uptake over either the 10 or 30 minutes of the 

exercise test it was reasonable to average the data over time and report the results as a mean metabohsm. 

The adult groups mean metabohsm was more than twice the score recorded forthe chUdren's group (Table 

37). There were no significant differences between the low and high radiant conditions (Appendix C-10). 

Table 37 Mean metabohsm for the constant metabohsm experiment in a hot wet climate with radiant 

heat. 

Group 

Mean Metabohsm 

Low Radiant High Radiant 

(Watts) (Watts) 

Adult* 

ChUd 

1656188^ 

297147 

667170 

294141 

* Significant difference between the groups 

^ = standard deviation ' = mean 

PERCENTAGE OF MAXIMUM OXYGEN UPTAKE 

The children worked at a significantiy lower percentage of maximum oxygen uptake tiian tiie adults 

(Appendix C-10). There was no significant difference between tiie low and high radiant heat conditions. 

The adults woriced at approxmiately 50% VO^ maximum and tiie chUdren woriced at approximately 46% 

VOj maximum (Appendix B-3) (Figure 17). 
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Figure 17 Percentage of VO.^ maximum for the constant metabolism experiment in a hot wet climate 
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METABOLIC EFFICIENCY 

Metabohc efficiency was significanfly higher for the adults than tiie chUdren (Appendix C-10). At an 

exercising level of ^proximately 50% VO^ maximum the mean metabohc efficiency for the adult group 

was 18%, compared to 12% for the chUdren's group (Figure 18). There was no change in metabohc 

efficiency which resulted from the level of radiant heat. 
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Figure 18 Metabohc effidency for tiie constant metabohsm experiment in a hot wet chmate witii 

radiant heat. 
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HEAT PRODUCTION 

The adult group produced significantiy more metabohc heat tiian the children's group (Table 38). When 

the metabohc heat production was divided by body mass there were no significant differences between 

ttie groups (Appendix C-10). Figure 19 Ulustrates that both groups produced a sunilar relative metabohc 

heat stress which was very close to 7.3 W.kg-' (Appendix B-3). 

Table 38 Average heat production in the constant metabohsm test with radiant heat 

Group 

Average Heat Production 

Low Radiant High Radiant 

(Watts) (Watts) 

Child 

Adult 

'261141^ 

535171 

259136 

546154 

' = mean 2 _ = Standard deviation 

12 

C 
o 
u 
1 3 

o 

- ^ en 
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CD 
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CD 
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Constant Metabolism Tests 
(Mean ± standard deviation) 

Low High 

Radiant Heat 

Figure 19 Relative heat prodution for ttie constant metabolism experiment in a hot wet climate witii 

radiant heat. 
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3) EVAPORATIVE HEAT LOSS RESPONSES 

SWEAT RATE 

The adult group sweated significanfly more during the 40 minutes of exercise than the chUdren's group 

(Table 39). Also both groups sweated significantiy more when exposed to tiie high radiant heat load 

compared to ttie low radiant heat load (Appendix C-10). The children and adult groups increased their 

sweat rates by 19.2% and 20.3% respectively m the high radiant condition. 

Table 39 Sweat rates for tiie constant metabolism test in hot wet conditions with radiant heat. 

Sweat Rates 

Low Radiant High Radiant 

Group (gm.hr') (gm.hr') 

Child* '320166^ 381153 

Adult 6931165 8341210 

* Significant (hfference between the groups 

' = mean ^ = standard deviation 

In order to satisfactorily compare chUdren and adults it was important to make the sweat loss relative to 

ttie body mass. There were no significant differences between chUdren and adults for relative sweat rate 

(Appendix C-10). The children's group sweated at 8.9 gm.kg-'.hr' and the adult group sweated at 9.4 

gm.kg-'.hr' in the low radiant condition (Appendix B-4). Figure 20 iUustrates tiiat botii groups also had 

a simUar and significantiy higher relative sweat rate in the high radiant condition. The chUdren increased 

ttidr relative sweat rate by 19.1% to 10.6 gm.kg-'.hr' and tiie adults increased by 21.3% to 11.4 

gm.kg-'.hr' (Appendix B-4). 
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SWEAT HEAT LOSS INDEX 

The sweat heat loss index (SHLI) is the sweat rate expressed per unit of heat production. This measure 

standardizes for unequal heat production between individuals and groups. There was no significant 

difference between the groups for the sweat heat loss index (Appendix C-10). In the low radiant condition 

ttie ChUdren produced a SHLI of 1.22 gm.hr ' .W' and ttie adults produced a SHLI of 1.30 gm.hr ' .W' 

(Appendix B-4). Both groups produced a simUar and significanfly higher sweat heat loss index exercising 

in the high radiant heat condition compared to the low radiant heat condition. The chfldren's SHLI was 

21.3% higher in the high racUant condition compared to the low radiant condition and simflarly the adults 

was 18.5% higher. 
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Figure 21 Sweat heat loss index for tiie constant metabohsm experiment in a hot wet chmate witii 

radiant heat. 
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4) MEAN BODY TEMPERATURES 

CORE TEMPERATURE 

No radiant heat 

In the first 10 mmutes of the exercise test without radiant heat there was a significant difference in core 

temperature between the chfld and adiUt groups (Appendix C-11). The chfldren started exercising with a 

T^ which was 0.3°C higher than ttie adults in botti the high and low radiant conditions (Appendix B-11). 

There was also a significant time effed with the core temperature rising 0. PC between 5 and 10 minutes 

of exercise (Figure 22). This result was considered to be uiconsequential because the change in the core 

temperature was equal to the maximum precision of the temperamre measuring device. 

Radiant heat 

During the foUowing 30 minutes of exercise there was a significant difference in T between the chUdren 

and adult groups (Appendix C-11). The chUdren were 0.3°C higher than the adults at 15 minutes and 0.2°C 

higher at 40 mmutes of the exercise test (Appendix B-11). There was also a smaU but significant increase 

in the core temperamre over time. Since this increase was approximately 0. PC and the precision of the 

thermistor probe was also 0. PC this effect was disregarded. There was also a trend forthe core temperamre 

to increase by 0.1-0.2°C in tiie high radiant condition compared to remaining stable in ttie low radiant 

condition (Figure 22). 

-87-



39.0 

38.5 
CD 

D 

" ^ 38.0 

CD 

F O 37.5 
—̂ o 

CD ^ 
!— 

a; 37.0 

o 
o 

36.5 -

36.0 

Constant Metabolism Tests 
(Mean * standard deviation) 

(I o 
o 6 -o 

X 

10 15 20 25 30 35 40 

Time (min.) 
o—a Adult Low Radiant Heat 
o - o Child Low Radiant Heat 
• - • Adult High Radiant Heat 
• - • CHild High Radiant Heat 
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SKIN TEMPERATURE - NOT EXPOSED TO RADIANT HEAT ( T ^ 

No radiant heat 

In the first lOmmutes of exercise witiiout radiantheat ttiere was a significant difference m skm temperamre 

between the chfldren and adult groups (Appendix C-11). At 5 mmutes the chfldren's average T = 33.8°C 
" snr 

and ttie adults average T ^ = 33.0°C (Appenda B-9). The average difference between ttie groups was 

considered to be a real one as the 0.8°C difference was larger than the 0.5»C precision of the infiared gun 

which was used UD measure these temperatures. Both groups skin temperamres significantiy decreased 

over ttie next 5 mmutes. The 0.2''C average decrease of the adult group and ttie 0. PC average decrease by 

the chfldren's group could be a statistical artifact as these changes are smaUer than the predsion of the 

measurements (Figure 23). 

Radiant heat 

In tiie 30 minutes of exercise witii the apphcation of a radiant heat load to other regions of the body tiiere 

was a significant difference between the child and adult groups (Appendix C-11). At 15 minutes the 

average T^ of the adult group was 33.PC and tiie average T^ of the chUdren's group was 34.0°C 

(Appendix B-9). This difference of 0.9°C between the groups was larger than the 0.5°C precision of the 

measuring device and appears to be a real difference. Also over the 30 minutes of exercise there was a 

significant (hfference in T ^ between the low and high radiant conditions. This difference was interpreted 

as a trend as it was no greater than the precision of the measuring instrument. The significant increase in 

T over time was also interpreted as a trend as the increase was less than the precision of the instrument. 

The significant interaction where the adult group increased on T̂ ^̂  more over time in the high radiant heat 

ttian the children's group was also considered a trend for the same reason described above (Figure 23). 
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SKIN TEMPERATURE - EXPOSED TO RADD^T HEAT (T ) 

No radiant heat 

There was a significant difference m mean skm temperamre between the adult and chfld groups (Appendix 

C-12). The chfldren averaged 1.7'*Chighertiian ttie adults at botti 5 and 10 mmutes of exercise (Appendix 

B-10). There was no significant difference for tiie level of radiant heat. Botii the time effect where tiiere 

was a 0.3''C decrease m T^ and the radiant by time effect where there was a 0.5°C greater decrease in T 

in the high radhant condition compared to the low ra(hant condition were considered to be trends as tiiese 

differences were simflar or less tiian tiie precision of ttie measuring mstrument (Appendix B-10). 

Radiant heat 

There was a significant difference ui T^ between the chfld and adult groups for both levels of radiant heat 

(Appendix C-12). The chUdren's T^ averaged 1.1-2.0°C above tiiat of tiie adults in both the low and high 

radiant heat con(htions (Appen(hx B-10). There was a significant (hfference in T between the high and 

low radiant heat conditions. Botii groups averaged approximately 3.0°C higher in the high radiant heat 

condition. The other effects were not considered to be significant because the (hfferences were less or 

similar to the precision of tiie measuring instrument (Figure 24). Therefore the O.Ŝ C average increase in 

T over time, the 0.3°C greater increase in T in the high radiant condition compared to the low radiant 

condition over time and the 0.4"'C greater increase in T for the adults in comparison to the children over 

time were aU considered to be ti-ends (Appendix B-10). 
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5) HEART RATE RESPONSES 

HEART RATE 

No radiant heat 

In tiie first 10 mmutes of exercise without exposure to radiant heat there was a significant difference m 

heart rates between tiie two groups (Appendbc C-12). At 5 mmutes of exercise tiie adult group averaged 

111 bts. mm' and the chUdren's group averaged 135 bts.min-' (Appendix B-6). There was a significant 

difference between the high and low radiant heat conditions. At 5 minutes of exercise the chUdrens group 

was 7 bts.mm' lower and the adult group was 2 bts.mm' lower in tfie high radiant compared to the low 

radiant heat condition. There was also a significant tune effect witii a gradual cardiovascular drift between 

5 and 10 minutes of exercise. The chUdren's group increased by an average of 4 bts.min-' and the adult 

group increased by an average of 5 bts.min-' (Figure 25). 

Radiant heat 

hi ttie 30 minutes of exercise where the radiant heat was exposed to the skin' s surface there was a significant 

difference between the two groups (Appen(Ux C-12). At 15 minutes the adult group averaged 120 bts. 

min' and tiie chil(ken's group averaged 138 bts.min' (Appen(Ux B-6). There was a significant carchovas-

cular drift for botii groups over time with a higher cardiovascular (hift in the high ra(hant heat con(htion. 

The average cardiovascular drift in the high radiant condition was 16 beats compared to 7 beats in the low 

radiant con(htion (Figure 25). 
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PERCENTAGE OF MAXIMUM HEART RATE 

The 30 minutes of exercise with a radiant heat load demonstrated a significant difference between the 

groups (Appen(hx C-13). At 15 mmutes the chUdren's group exercised at 69?o of heart rate maximum and 

the adult group exercised at 63% of heart rate maximum (Appendix B-7). There was a significant increase 

in ttie percentage of maximum heart rate over tune. At 40 minutes the chUdren's group averaged 76% of 

heart rate maximum and the adult group averaged 69% of heart rate maximum. The chU(hen's 

cardiovascular drift averaged 7% and the adults averaged 6%. The cardiovascular (hift was significantiy 

greater in the high radiant heat condition than the low nuhant heat condition. The children's percentage 

of heart rate maximum in ttie high raciiant condition drifted by 9% compared to 5% in the low radiant 

condition. The adult's percentage of heart rate maximum in the high ra(Uant heat condition drifted by 7% 

compared to 3% in the low radiant heat con(htion (Figure 26). 
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Figure 26 Percentage of heart rate maximum for tiie constant metabohsm experiment in a hot wet 

climate with radiant heat. 
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HEART RATE INDEX 

The heart rate index (HRI) was determined to standardize for the effed of the two groups exercising at 

different percentages of VO^ maximum. The chUdren's group had a significantiy higher heart rate index 

ttian ttie adult group (Appendix C-13). The chUdren's HRI averaged 1.57 over the 40 mmutes of the 

exercise test and the adult's HRI averaged 1.28 over ttie same time period (Appendix B-8). Figure 27 

iUustrates that the chUdren's group drifted significantiy more on the heart rate index over the 40 minutes 

of ttie exercise test than the adult group. The chUdren's drift on the HRI averaged over both radiant 

conditions was .16 compared to the adults .09 drift m the same conditions (Appendix B-8). 
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COVARIATE - SURFACE AREA/MASS 

The analyses of covariance were performed separately on ttie dependent variables measured: 

(1) m the first 10 minutes and 

(2) the last 30 minutes of the constant metabohsm exercise test. 

The dependent variables which were analysed had already been shown to be significanfly different 

between the adult and chUdren groups. Surface areaAnass was chosen as ttie covariate because it was ttie 

only independent variable which is hnked to temperature regulation and was also found U) be significantiy 

different between the adult and chUdren groups. 

CORE TEMPERATURE AND SURFACE AREA/MASS 

10 minutes: 

Surface area/mass was not significantiy correlated with core temperamre but the common variance 

between them removed the significant difference between the child and adult groups at the p = .050 level 

(Appendix C-18). 

30 minutes: 

Surface area/mass was not significantiy correlated witii core temperamre but the common variance 

between them removed the significant (hfference between the adult and chUd groups (Appenchx C-18). 

SKIN TEMPERATURE (T ) AND SURFACE AREA/MASS 

10 minutes: 

Surface area/mass was significanfly correlated with skin temperamre which was not exposed to radiant 

heat and the common variance between these variables removed the significant (hfference between the 

child and adult groups (Appen(hx C-18). 

30 minutes: 

Surface area/mass was not correlated with T when it was exposed to radiant heat and the common 

variance between ttiem did not remove the difference between ttie child and adult groups (Appen(hx 

C-18). 

SKIN TEMPERATURE (T ) AND SURFACE AREA/MASS 
^ snr' 

10 minutes: 

Surface area/mass was not significantiy correlated with skin temperamre ( T ^ but the common variance 

between these variables removed the significant difference between tiie adult and chUd groups (Appendix 

C-18). 

30 minutes: 

Surface area/mass was not significantiy correlated witii skin temperatiire ( T ^ but tiie common variance 

between them removed the significant difference between tiie adult and chUd groups (Appendix C-18). 

PERCENTAGE OF HEART RATE MAXIMUM AND SURFACE AREA/MASS 

10 minutes: 

Surface area/mass was not significanfly conrelated to tiie percentage of heart rate maximum but the 
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common variance between them removed the significant difference between the chUd and adult groups 

(Appendbc C-18). 

30 minutes: 

Surface areaAnass was not significanfly correlated to the percentage of heart rate maxunum but ttie 

common variance between them removed the significant difference between the adult and child groups 

(Appendbc C-18). 

EXPERIMENT TWO: INCREASING METABOLISM TEST IN A HOT WET 

CLIMATE WITH RADIANT HEAT. 

1) CLIMATE CHAMBER CONDITIONS 

AIR TEMPERATURE 

During the 30 minutes of the exercise test there was a significant time by level of radiant heat interaction 

(Appendix C-14). The chamber was set at T = 3 PC at the beginning of the test and increased to 

approximately 32°C in the low radiant heat conclition and approximately 33.5°C in the high ra(Uant heat 

condition (Figure 28). There were no significant differences between the chfld and adult groups. 
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RELATIVE HUMIDITY 

The (Camber was set at a relative humidity of 73% to estabhsh the hot wet conditions experienced in 

tropical climates. Humidity was harder to control precisely than temperature and was greafly affected by 

ttie radiant heaters (Figure 29). During the 30 minutes of the exercise test there was a significant decline 

in relative humidity (Appendix C-14). The relative humidity forthe chUdren's group decreased from 90% 

to 74% hi the low ra(Uant con(htion and from 75% to 71% in the high radiant condition. The relative 

humidity forthe adult group decreased from 74% to 70% in the low ra(hant con(htion and fix)m 67% to 

65% m the high radiant heat con(Ution. The relative humidity of ttie children's group was significanfly 

higher than the relative humi(hty of the adult group. This difference between the groups averaged 12% in 

ttiefirst 10 minutes and 6% for thelast 20 minutes of the exercise test. It can be claimed that whfle humi(hty 

in ttie chmate chamber demonstrated a large variabihty between the groups and over time, it stiU simulated 

ttie hot wet conditions experienced in many tropical climates (Figure 29). 

'•g 

'E 
13 

X 
CD 
> 

CD 

100 

90 

80 

70 

60 

tT 50 

40 

30 

20 -

10 -

Increasing Metabolism Tests 
(Mean ± standard deviation) 

10 15 20 25 30 

Time (min.) 
Adult Low Radiant Heat 

o-o Child Low Radiant Heat 
• - • Adult High Radiant Heat 
• - • Child High Radiant Heat 
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2) WORK RATES AND METABOLISM 

WORK RATES 

The increasing metabohsm exercise test was designed to have three 10 mmute workloads at easy, moderate 

and hard mtensities. There was a significant interaction between group and work level (Appendix C-14). 

The adult group work rates uicreased by approxmiately 40 watts at each progressive level of the exercise 

test and the chUdren uicreased by approximately 15 watts between each level. The work rates m the high 

and low radiant heat were equal (Table 40). 

Table 40 Work rates for the mcreasmg metabohsm test hi hot wet conditions with radiant heat 

Group 

Adult* 

Child 

Easy Workload 

(watts) 

'82±19^ 

23±8 

* Significant (hfference between the groups 

' = mean ^ = standard deviation 

Moderate Workload 

(watts) 

118124 

3818 

Hard Woridoad 

(watts) 

160127 

5218 

OXYGEN UPTAKE 

Figure 30 iUustrates a significant mteraction in oxygen uptake between the groups and the two levels of 

radiant heat (Appen(hx C-14). The average VO^ of the childs group in the low ra(Uant heat at 24.3 ml. 

kg'.min' was 8% lower than tiie average VO^ of the adult group in the same conditions at 26.2 ml. 

kg-'.min'. There was a minimal (hfference between tiie children and adult groups exercising in the high 

radiant heat condition witii tiie average VO^'s recorded at 26.7 and 26.9 ml.kg-'.min' respectively 

(Appendix B-15). 
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AVERAGE METABOLISM 

Since the oxygen uptake speared to change mmimaUy within each 10 minute woridoad (no more than 

2 ml,kg-* .min-*) it was considered appropriate to average the two oxygen uptakes at each level in each test 

and report average metabohsm results. The average metabohsm was significanfly (hfferent between the 

two groups (Appendix C-15). The average metabohsm of the adult group was approximately double the 

average metabohsm of the chUdren's group at each woric rate level. There was also a signficant difference 

for ttie group by level interaction. The adult group's average metabolism mcreased more over the three 

levels of metabohsm than the chfldren's group (Figure 31). The average metabohsm was significanfly 

different in the two radiant heat conditions. The average metabohsm for the high radiant heat con(Ution 

was 4-6% higher over the three different work rates tiian the average metabohsm for the low radiant heat 

condition (Appen(hx B-13). 
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AVERAGE METABOLISM AS A PERCENTAGE OF VO^ MAXIMUM 

There was no significant difference between the groups for percentage of maximum oxygen uptake 

(AR)endix C-15). The average percentage of maximum oxygen uptake was 38% at the first level, 49% at 

ttie second level and 64% at the third level of metabohsm (Appendix B-13). There was a significant 

difference in percentage of oxygen uptake between tiie low and high radiant heat conditions. The high 

radiant heat condition averaged over both groups was 1 % higher at the first level, 3% higher at the second 

level and 4% higher at the third level compared to the low ra(hant heat condition. The chfldren increased 

ttieir percentage of VO^ maximum in the high radiant condition compared to the low radiant con(htion 

significantiy more than the adults at the second and third woric levels. The chfldren increased by 7% 

compared to the adiflts 0% at the second woilc level and 5% compared to the adults 3% at the third work 

level (Figure 32). 

E 
1 5 

X 
03 

E 
CN o 

> 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Increasing Metabolism Tests 
(Mean t standard deviation) 

k 

il 
1 

1 

11 

.1. 

ii 

I 
Adult Child Adult Child 

Low Radiant Heat High Radiant Heat 

Work Rate 1 

Work Rate 2 

Work Rate 3 

Figure 32 Percentage of VO, maximum at each work rate for tiie increasing metabolism experiment 
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METABOUC EFFICIENCY 

There was a significant difference between tiie groups f ormetabohc efficiency (Appendix C-15). The adult 

group was 7% more efficient than the chfldren's group at the first work level and 6% more efficient at 

ttie second and third worklevels (Appen(hx B-13). There was a significant difference m efficiency between 

ttie two levels of radiant heat. The high radiant heat condition averaged between 0.5% and 1.0% less for 

metabohc efficiency across the three work rate levels compared to the low nuhant condition. There was 

a significant effect of work rate level on metabohc efficiency. Metabohc efficiency mcreased with each 

increase in the level of work intensity (Figure 33). 
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HEAT PRODUCTION 

The adult group produced approxmiately twice as much metabohc heat as ttie chfldren's group across each 

of ttie three levels of metabohsm (Table 41). There was a significanfly higher heat production for tiie high 

radiantheat conchtion compared to the low radiant heat condition (Appendix C-15). The average increase 

in heat production for the high ra(Uant heat conclition compared to the low ra(hant heat condition was 

5-8% more forthe three work intensities. Also there was a significant group by level mteraction for heat 

production. The adult group's heat production mcreased more between successive levels of work than the 

chUdren's group. 

Table 41 Heat production for the increasmg metabohsm test ui hot wet conditions with racUant heat 

Group 

Low ra(Uant# 

Adult* 

Child 

High ra(hant 

Adult* 

ChUd 

Easy Workload 

(watts) 

14O61532 

209126 

420135 

225152 

Moderate Workload 

(watts) 

519164 

234133 

524151 

292158 

Hard Woridoad 

(watts) 

656168 

325158 

690170 

357173 

* Significant (hfference between tiie groups 

# Significant (hfference between the two levels of racUant heat 

' = mean 2 _ = standard deviation 

To compare the relative heat stress between children and adults heat production was divided by body mass. 

Figure 34 iUustrates tiie lack of a significant difference for relative heat production between ttie two groups 

(Appendix C-16). However tiiere was a significant group by level of radiant heat interaction. The 

chUdren's group average mcrease m relative heat production between the low and high racUant heat 

conditions was 11 % compared to tiie adult group's average mcrease of 3 percent (Appendix B-13). 
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Figure 34 Relative heat production at each work rate for the increasing metabolism experiment in a hot 

wet climate with racUant heat. 
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3) EVAPORATIVE HEAT LOSS RESPONSES 

SWEAT RATE 

There was a significant (hfference in sweat rate between the two groups (Table 42). The adults sweated 

{proximately twice as much as the duldren. There was also a significant (Ufference in sweat rate between 

tiie two rachant heat con(htions. The chfldren's group sweated 25% more and the adult group sweated 14% 

more m the high radiant condition compared to tiie low radiant heat condition. 

Table 42 Sweat rates for the increasmg metabohsm test in hot wet conchtions with racUant heat 

Sweat Rates 

Low radiant* High radiant 

Group gms.hr' gms.hr' 

Adult* '7801106^ 8881154 

Child 358194 472178 

* Significant chfference between the groups 

# Significant chfference between the two levels of racUant heat 

' = mean ^ = standard deviation 

To reahsticaUy compare the sweat rate produced due to the metabohc heatload between children and adults 

it was considered necessary to compare sweat rates relative to body mass (Figure 35). There was no 

significant difference between tiie children and adults for relative sweat rate (Appendix C-16). However 

tiiere was a significant difference for relative sweat rate between tiie two radiant heat conditions. The 

chfldren in the high racUant heat condition produced 26% more sweat ui comparison to ttie low radiant heat 

condition and the adults produced 14% more sweat m the high radiant condition in comparison to tiie low 

radiant con(Ution (Appen(Ux B-14). 
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SWEAT HEAT LOSS INDEX 

The sweat heat loss index (SHLI) was calculated to standardize for different heat productions between 

groups and incUviduals (Figure 36). There was no significant chfference between the two groups for tiie 

sweatheat loss index (Appendix C-16). However there was a significant chfference forthe sweat heatloss 

index between the two racUant heat conditions. The chfldren in the high radiant condition produced a 16% 

higher sweat heat loss index than they pnxluced in the low ra(Uant heat condition. The same comparison 

for the adults produced an 11% higher SHLI in the high racUant condition (Appen(Ux B-14). 
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4) MEAN BODY TEMPERATURES 

CORE TEMPERATURE 

Figure 37 demonstrates the significant chfference in core temperature between the two groups (AppencUx 

C-16). At 5 mmutes of exercise tiie adult group's core temperamre (T^ averaged 37.0°C and tiie chfldren's 

group Tp averaged 37.4»C (Appendix B-21). The chUdren's group 0.4°C higher core temperamre was 

maintained between the groups as core temperatures significanfly uicreased over the 30 minutes of the 

increasmg metabohsm test There was also a significantiy greater increase in T over the thirty minutes 

of exercise for the high racUant heat concUtion compared to the low racUant heat concUtion. The average 

increase m the high racUant condition was 0.4''C compared to an average increase of 0.2''C m the low racUant 

concUtion. 
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MEAN SKIN TEMPERATURE - NOT EXPOSED TO RADIANT HEAT (T^) 

There was a sigruficant difference between the two groups m the skin temperamre not exposed to racUant 

heat (Tji^ (AppencUx C-16). At 5 minutes of exercise the adult group's average T ^ = 33.7''C and the 

duldrcn's group average T^= 34.2''C. At 15 mmutes of exercise the adult group's average T^= 33.3°C 

and ttie chfldren's group T ^ = 34.0°C. At 25 mmutes ttie adult group's average T^ = 33.4''C and the 

chUdren's group T ^ = 34. PC (i^pendix B-19). These 0.5-0.7°C differences in T ^ between ttie groups 

were considered to be significant as they were just greater than the precision of the instrument measuring 

skin temperature. Subsequentiy the significant tune effect and the significant radiant by time interaction 

were considered to be trends as the differences in the measurements were less than the precision of tiie 

measuring device. Figure 38 iUustrates the lack of a significant difference between the T^'s in the low 

and high racUant concUtions. 
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Figure 38 Skin temperatiire not exposed to radiant heat for tiie mcreasmg metabohsm experiment m a 

hot wet climate witii radiant heat. 
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MEAN SKIN TEMPERATURE - EXPOSED TO RADIANT HEAT (Tg^j). 

Figure 39 iUustrates the significant group by radiant heat interaction for tiie mean skin temperature 

exposed to radiant heat ( T ^ (Appendix C-17). The chUdren's group T^ was 1.0-1.2°C higher tiian the 

adult group m the low racUant heat concUtion and 1.5-2.0°C higher than the adult group m the high radiant 

heat concUtion. This significant interaction effed between group and racUant level is mconsistent as the 

increase in T^ from the low to high radiant condition was only 0.3°C greater for the chUdren's group 

compared to tiie adult group at 5 minutes of the exercise test whfle it was 1 .Ô C greater at the end of tiie 

exercise test These cUfferences were generaUy greater than the precision of the measuring device. 
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a hot wet climate with racUant heat. 
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5) HEART RATE RESPONSES 

HEART RATE 

There was a significant chfference m heart rate between the two groups (Appendix C-17). At 5 mmutes 

of exercise the adult group's average heart rate was 103 bts.mm' and tiie chfldren's group average heart 

rate was 122 bts.mm' (Appendix B-16). Thedifferenceinheartrateof {^proximately 20 btsmm'between 

ttie groups remained the same over time (Figure 40). At 30 minutes tiie adults group average heart rate was 

147 bts.mm' and the chfldren's group average heart rate was 171 bts.mm'. 
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Figure 40 Heart rate for the mcreasmg metabohsm experiment in a hot wet climate witii radiant heat. 
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PERCENTAGE OF HEART RATE MAXIMUM 

Figure 41 demonstrates a significant difference hi ttie percentage of heart rate maxunum between ttie two 

groups (Appendbc C-17). At 5 mmutes of exercise tiie adult group averaged 55% of heart rate maxunum 

and ttie chfldren's group averaged 61 % of heart rate maxunum. At 30 mmutes of exercise tiie adult group 

averaged 79% of heart rate maxunum and tiie chUdren's group averaged 86% of heart rate maximum 

(Appendbc B-17). At 5 and 30 minutes of exercise ttiere was a sunilar difference m percentage of heart rate 

maxunum which averaged 6-7% between ttie two groups. 
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HEART RATE INDEX 

To standanUze for tiie effed on tiie heart rate of exercismg at differem percentages of VO, maxunum, tiie 

percentage of heart rate maxunum was divided by ttie percentage of VO, maximum. This index was caUed 

ttK heart rate index (HRI). There was a significant difference between tiie groups witii ttie chUdren 

exercismg at a greater heart rate mdex ttian ttie adults at aU exercise mtensities (Appendix C-17). At 5 

minutes tiie adult's HRI averaged 1.43 and tiie chUdren's HRI averaged 1.66. At 15 mmutes tiie adult's 

HRI averaged 1.31 and tiie chUdren's HRI averaged 1.56. At 25 minutes tiie adult's HRI averaged 1.20 

and ttie chUdren's HRI averaged 1.38 (Appendbc B-18). Figure 42 also mdicates ttiat as tiie exercise 

intensity was mcreased tiiere was a significant decrease m tiie heart rate mdex. This decrease was relativdy 

simUar between the chUdren and ttie adults over ttie ttu-ee mcreasmg exercise intensities. 
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COVARIATE: SURFACE AREA/MASS RATIO 

The analyses of covariance were performed on tiie dependent variables measured during tiie first workload. 

The first 10 minute workload was ttie most suitable choice as the percentage VO, maximum of the adult 

and children groups were closely simUar at both the low and high racUant conditions. Orfly those dependent 

variables which had already been shown to be significantiy different between the adult and chUd groups 

were analysed. 

CORE TEMPERATURE AND SURFACE AREA/MASS 

Surface area/mass was not significanfly correlated with T but there was enough common variance to 

remove the sigruficant chfference between the adult and chUdren groups (AppencUx C-18). 

SKIN TEMPERATURE (T^^) AND SURFACE AREA/MASS 

Surface area/mass was not significanfly correlated with T but tiiere was enough common variance to 

remove the significant chfference between the adult and chUd groups (Appendix C-18). 

SKIN TEMPERATURE (T ) AND SURFACE AREA/MASS 
snr 

Surface area/mass was not significanfly correlated with T but there was enough common variance to 

remove the significant chfference between the groups (AppencUx C-18). 

PERCENTAGE OF HEART RATE MAXIMUM AND SURFACE AREA/MASS 

Surface area/mass was not significantiy correlated with the percentage of heart rate maximum but there 

was enough common variance to remove the significant chfference between the children and adult groups 

(Appendix C-18). 
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CHAPTER 5 

DISCUSSION 

This chapter discusses how the substantive variables which were measured hi ttie climate chamber 

experiments relate to the problem of chfldren havmg greater thermoregulatory and {rtiysiological 

Umitations to exercise in hot concUtions than adults. Rrstiy, the problem is analysed by examining the 

differences hi heat strain responses between chfldren and adults. The heat strain response variables 

measured were core temperamre, skin temperamres, heart rate and sweat rates. Secondly, ttie relationship 

between ttie heat strain response variables and the subject modifiers of heat strain are evaluated. This 

discussion is presented under the foUowing section headings: 

1. Chfldren and adults exercising in hot wet and hot dry environmental conditions without racUant heat. 

2. Chfldren and adults exercising at a constant metabohc rate in a hot wet environment with racUant heat. 

3. ChUdren and adults exercising at an increasing metabohc rate in ahot wet environment with radiantheat. 

PART ONE: CHILDREN AND ADULTS EXERCISING IN HOT WET AND HOT DRY 

ENVIRONMENTAL CONDITIONS WITHOUT RADIANT HEAT. 

AVERAGE METABOLISM 

This experiment was designed to achieve equal physiological stress on the chfldren and adults by 

exercising both experimental groups on a bicycle ergometer at woridoads that ehcited 50% VO^ 

maximum. Equal physiological stress was achieved for the male groups to witiiin 2-3% of 50% VO^ 

maximum witii no significant differences between the neutral and two hot climates. Equal physiological 

stress was not achieved for the female groups for aU environmental concUtions. The female children 

exercised at a sunilar percentage of VO^ maximum to tiie adults in ttie neutral clunate but at an 8-10% lower 

percentage of VO^ maximum tiian tiie female adults m the two hot clunates. Since tiie resistance for tiie 

workloads was kept the same in flie different climates this reduction m metabohsm could have been due 

to a smaU decrease in the pedal frequency mamtained by the chUdren and/or an unproved mechanical 

efficiency. It appears that the female chUdren were more affected by exercise in hot conditions than tiie 

male chUdren. This was probably a result of tiieir lower fitiiess capabihties as measured by VO^ maxunum 

and a lesser desire to push themselves m uncomfortably hot conditions. Since female adults and chUdren 

were not exercismg at an equal physiological sti-ess any differences between flie groups must be interpreted 

cautiously. 

METABOUC EFFICIENCY 

The male chUdren's group had a 6% lower metabohc efficiency tiian tiie male adult group. If botii groups 

had an equal aerobic fitiiess level as measured by VOj maximum, tiie chUdren would have produced more 

relative metabolic heat tiian tiie adults. However, tiie male chfldren were 10% less aerobicaUy fit tiian ttie 

male adults (53.1 compared to 58.7 ml.kg-'.min'). Since ttie chUdren were woridng at a lower relative VO^ 
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(ic. 50% of 53.1 inl.kg-'.mui-' compared to 50% of 58.7 ml.kg-'.mm') but witti a 6% lower metaboUc 

effidency they produced a sunflar amount of metabohc heat/kg to the adults and ttiis was maintained 

across the tiiree climates. This is an ideaUy controUed sitiiation for tiie comparison of heat stram responses 

between chUdren and adults. Differences in these heat stmn responses can then be related to the different 

diaracteristics of chUdren and adults which modtfy heat stress (except metabohc efficiency). The female 

chUdren also had a 6% lower metaboUc efficiency ttian ttie female adults. SimUariy to ttie male chUdren 

ttie female cMdren had a 10% lower aerobic fitness ttian the fonale achUts (44.1 compared ti3 

48.2inl.kg-'.mm-'). Consequentiy when ttie female chUdren exercised at close to 50% VO^ maxunum ttiey 

produced a simUar relative heat production to the adults m the neutral climate. Reflecting the female 

(̂ lUdren's conservative £^proach to exercising hi the two hot climates they had a lower relative heat 

production than the adults in tiiese conditions. 

In cycling stucUes nett mecharucal efficiency is the most common measurement of efficiency. This value 

wUltypicaUy be higherthan metabohc efficiency as it subtracts the metabohsm which is due to the resthig 

metabohc rate. Another factor which needs to be considered m efficiency stucUes is the intensity of the 

work rate. Mechanical efficiency at very low work rates is very low m children. Values as low as 13% and 

11 % were recorded by Klausen (1985) at work rates which were lower tiian 16.4 watts. The same chUdren 

recorded mechanical efficiencies of 19-21 % at work rates between 49 and 98 watts. This indicates that the 

actual intensity of work as a %V0, maximum should also be stipulated when comparing efficiencies. In 

ttie present study exercise mtensity was 50% VOj maximum and the metabohc efficiency recorded 

averaged 12-13 % for the female and male chilchen respectftiUy. Botti Naughton (1986) and Lawson (1985) 

examined gross efficiency of chUdren on a Monark ergometer mocUfied to suit the size of the children. 

Their definition of gross efficiency equates to the term metabohc efficiency used in this thesis and is the 

most appropriate term to use in thermoregulation smcUes as it includes aU of the metabohsm which 

produces heat Naughton (1986) tested 16 eleven year old chUdren at 30%, 60% and 80% VO^ maximum. 

The group was a mixmre of boys and girls who had similar gross efficiencies. The gross efficiency of 13% 

for Naughton's subjects when tiiey were tested at 60% VO^ maximum compares closely with the 12% for 

ttie 10 year old giris and the 13% for 10 year old boys who exercised at 50% VO^ maximum in the present 

study. The age groups and exercise intensities were closely simUar for both smcUes. The male adults in 

botti stiidies also had very sunUar gross efficiencies of close to 19%. Lawson (1985) tested 9,12 and 15 

year old chUchen at 40-50% VOj maxunum and found that the 9 year old chUdren had an 11 % efficiency 

and tiie 12 year old chfldren had a 16% efficiency. Whfle ttie aerobic fimess of these mcUviduals was not 

documented the results for the 9 year old chfldren agree substantiafly witii the results of this smdy. The 

sUghtiy younger age group can be expected to have a lower metabolic efficiency than the subjects in ttie 

present study as efficiency has been shown to unprove as chfldren mature (Lawson, 1985). The results of 

previous stiidies reviewed by Bar-or (1983) revealed that ttie mechanical efficiencies of chfldren and adults 

were largely sunflar on the bicycle ergometer. These studies reviewed by Bar-Or might not be as vahd as 

ttie more recent smdies which were designed for temperature regulation comparisons as they did not 

closely consider aU of the variables which affect the level of efficiency recorded. In particular these smdies 

have not stated tiie %V02 maximum at which tiie efficiency was measured. Also tiie subtraction of resting 
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metaboUc rate is a proportionaUy larger value for ttie chUdren ttian tiie adults and nett mechanical 

effidwicy is not the most appropriate term for thermoregulation smdies. FuiaUy the modification of the 

Monark ergometer used in the present study tij cater for the smaUer size of the chUdren doubles ttie 

precision of theu- worit rates and consequentiy tiieir metaboUc efficiency measurements. This aUows for 

amore vaUd comparison of the metabohc efficiencies of chUdren and adults particulariy as ttie adult's work 

rate was three times larger than tiie chUdren's when they were both working at a simUar metaboUc 

intensity. 

OXYGEN UPTAKE OVER TIME 

The oxygen uptake over the 30 mmutes of ttie exercise test was neariy constant ui each of ttie three climates 

for both the male chUdren and the male adults. The significant difference over time amounted to a 1-2 

ml-kg-^min-' mcrease m VOj overtiie 30 mmutes of ttie test The mcrease ui VOj was sunUar for botti ttie 

cMdren and adult groups and averaged 4%. When the tune factor is taken mto account this result is ui 

agreement with Asano (1984) who found increases in VO^ of 8% and 11% in chUdren and adults 

respectively over 50 minutes of exercise at 60% VO^ maximum. However these findings are in opposition 

to ttie generaUy accepted concept ttiat a steady state VO^ can be maintained during prolonged exercise at 

less than 70% VO^ maximum (Powers and Howley, 1990). Perhaps ttie VO^ drift was a result of an 

increased effort which unperceptibly increased the pedaUing rate as the subjects began to fatigue or it may 

be due to a general increase in body temperature which in mm increases metabohc rate. Whfle this increase 

of 4% in VOj over the 30 mmutes of the exercise test can be considered to be very smaU it wUl be an extra 

contributor to the carcUo-vascular drift. The female chUdren and adults exercised at a constant VOj forthe 

30 minutes of the test m each of the three climates. While the statistical analysis states that there was no 

difference between the neutral and hot climates. Figure 7 mdicates that the children show a trend of a 

reduced VO^ after 10 minutes of exercise in the hot wet chmate compared to the neutral chmate which was 

an average 4% reduction over the 30 minutes of the exercise test. Also there was a trend for a reduced VO^ 

in the hot dry climate in comparison to the neutral climate which was an average 3% reduction over the 

30 minutes. After having observed the subjects whUe being tested and on careful examination of the VO^ 

levels over time it spears that the adults were very consistent in the production of a constant workload 

across the three climates and for the 30 minutes of each exercise test. The chUdren however j^peared to 

be more variable than the adults in their apphcation of a constant workload. Klausen (1985) supports this 

idea with his findhig that chUchen did not cycle at the requested RPM on bicycle ergometer tests. 

Unfortunately he did not comment on how tiie RPM varied during each exercise test. There does not appear 

to be a good reason for ttie VO^ drift to occur during the 30 mmutes of exercise for tiie male groups and 

to be absent for tiie female groups except that the female groups might have subconsciously taken ttie 

conservative approach of marginaUy decreasmg the cychng rate as they graduaUy became more fatigued 

during tiie 30 mmutes of exercise. To more accurately assess tiiis hypothesis the cycling rate needs to be 

contuiuously recorded so tiiat fluctuations ui the work rate can be calculated. 

HEART RATE RESPONSES 

hi order to standardise for different maxunal heart rates between chUdren and adults ttie percentage of heart 

rate maximum was used so ttiat ttie exercise responses could be more precisely compared between the two 
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groups. In the neutral climate ttie male chUdren finished the 30 minutes of the exercise test at 70% of heart 

rate maxunum, whfle the male achflts finished at 60% of heart rate maximum. This result uicUcates ttiat 

tiie chUdren used a greater proportion of tiieir heart rate reserve than the adults when both were exercismg 

at ttie same percentage VO^ maximum. Davies (1982) supports this position witii his study where he 

exercised athletic chfldren and adults for 60 minutes at 68% VO^ maximum in neutral concUtions. He found 

ttiat the male chUdren exercised at heart rates which were 16-28 beats.min' higherthan theiradult controls. 

Unfortunately he cUd not measure maximum heart rates for the two groups but we can speculate that the 

chfldren used a greater proportion of their heart rate reserve than the adults and that the chUdren exercised 

at a higher percentage of heart rate maximum. The explanation for this chfference between chUdren and 

adults might be that the chUchen have a proportionaUy greater amount of blood in the periphery which is 

a result of their greater skm area to volume ratio (Davies, 1981). Also the chUdren may not be as capable 

as adults at recUrecting their splanchnic blood flow to the exercising muscles at moderate to high work 

uitensities. Both of these possible explanations would necessitate a higher cardiac output and a higher heart 

rate forthe chfldren so that they could maintain both the relatively greater proportion of blood flow to the 

skin and the muscle metabohsm which is related to a set exercise intensity. Davies (1981) believes tiiat 

ttiis could be the major reason why chilchen carmot perform at the same high percentage of VO^ maximum 

for prolonged periods of time as adults. His evidence suggests that whfle athletic adults can perform at 85 % 

of VOj maximum for an hour, athletic chil(hTen have to reduce their intensity by 10% of VO^ maximum 

to exercise for tiie same duration. The present stiidy also supports this conclusion as the children were 

exercising at a 10% higher percentage of heart rate maximum when the adults and chUdren were both 

exercising at 50% of VO^ maximimi. If it is assumed tiiat children and adults can exercise at a high intensity 

level for prolonged periods at simflar percentages of maximal heart rates, then the children wiU reach these 

maximal effort mtensities at a 10% lower percentage of VO^ maximum. The reasons for the difference in 

heart rates between ttie chUdren and adults as suggested by Davies (1981) is supported by a re-analysis 

of ttie present data with the SA/mass ratio being used as a covariate. The difference in heart rate between 

children and adults was ehmmated (Appendix C-7). It appears ttiat ttie relatively greater volume of blood 

in ttie skin as a proportion of tiie total volume of blood of tiie chUchen compared to tiie smaUer values for 

adults is tiie Ukely reason for tiie mcreased heart rate of tiie exercismg children. The exercising heart rates 

are different for tiie ttu-ee different environments (T3=22,31,35''Q. The mcrease hi ttie heart rate as ttie air 

temperamre mcreases is largely a result of ttie uicreased blood flow to ttie skin which is needed U) maintain 

ttie skm to air temperatiire gradient to facUitate heat loss. As tiie air temperamre is "increased tiie skin 

temperature also mcreases and passive heat loss via convection is duninished while tiie evaporative heat 

loss is uicreased to mahitahi an effective heat balance between metabohc heat production and heat loss. 

The percentage of heart rate maxunum also foUows tiie same tiiend as heart rate and differences between 

adults and chUdren were agahi eUmhiated when tiie percentage heart rate maxunum was covaried agamst 

ttie SA/mass ratio. 

When exercising in a hot wet chmate (T,=31 "Q botii tiie male children and tiie male adults increased tiieir 

percentage of heart rate maxunum to 6-7% above tiiat found hi neutral conditions. This indicates ttiat 

children and adults were simUariy affected by tiie hot humid conditions as botii groups exercised at a 
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SimUariy mcreased percentage of VOj maximum. This mcrease in heart rate for botii groups hi tiie hot wet 

conditions reflects the mcreased blood flow to the skm which is needed to maintam an effective skm to 

air temperature gradient; which is needed for a continued convective heat loss. 

When exercising in a hot dry clunate (T3=35°Q tiie male chUdren's percentage of heart rate maxunum was 

considerably more affected tiian the male adults. After 30 mmutes of exercise the chUdren mcreased ttieu-

percaitage of heart rate maxunum to 13% above ttiat produced m tiie neutral conditions whUe tiie adults 

increased their percentage of heart rate maximum to 6% above that produced in the neutral con(Utions. This 

indicates that the chUdren experience a greater degree of cardiovascular strain than the adults as botii 

groups exercised at a closely sunUar %VOj maxunum m botti environments. The higher % of heart rate 

maximum recorded by the chUdren under these con(Utions is likely to be due to a greater mcrease hi skin 

blood flow or to a poorer venous remm to the central circulation. This position that chUchen were more 

carcUovascularly stramed than achflts ui a hot dry environment is supported by Drinkwater and Horvath 

(1979). They exercised children m very hot conditions (T =48''Q and found tiiat children exercised at a 

greater percentage of heart rate maximum than adults whUe botii groups were walking at a simUar 

percentage of VOj maximum. They beheved that this difference was a result of a greater pooluig of blood 

in the periphery of chUdren hi comparison to the adults. Smce they (Ud not uiclude a neutral temperature 

exercise experiment it was unclear if this difference in percentage of heart rate maxunum between adults 

and children was greater than the one which was likely to have occurred if the subjects had been tested 

in a neutral envirorunent. Also there was a large (Ufference in air temperamres between the two experiments 

and tiiere might be an uicreased response difference between children and adults as the ah temperamre 

increased to more extreme levels. The present smdy in(Ucates that chilchTen are more cardiovascularly 

strained than adults in hot dry envirorunents down to T = 35°C. Further smdy needs to be conducted in 

order to more precisely estabhsh tiie lowest airtemperamre at which children increase their skin blood flow 

or venous pooling to a greater extent than adults. 

In neuti-al concUtions the female adults averaged 66 percent of heart rate maximimi after 30 minutes of 

exercise. This 6% higher value tiian the male adults reflects tiie fact tiiat ttie females were exercising at 

a 4% higher percentage of VOj maximum. In ttie two hot conditions tiie female adults uicreased tiieir 30 

minute exercismg heart rate to 72-73% heart rate maxunum. This 6-7% mcrease m percentage of heart rate 

maximum above those observed in tiie neutral concUtions was simflar to ttiat which occurred for the male 

adults and male chfldren. The female chfldren's group was not evaluated because they exercised at a 

significantiy decreased VO^ in the two hot conditions. In an attempt to control for tiie fact that the females 

exercised at different VOj's between cUmates and tiie male heart rate data might have been affected by 

smaU variations in VO^ between cUmates and over tune tiie Heart Rate hidex was calculated. The HRI was 

calculated by divicUng the percentage heart rate maxunum by tiie percentage VO^ maximum at which the 

individual was exercismg over tiie 30 minutes of tiie exercise test Suice tiiis uidex standardised tiie heart 

rate for botii minor and major fluctiiations in VO^ it was appropriate to uiclude tiie male and female groups 

togetiier and analyse tiie total group. There was no effect for gender The chfldren had a sunilar heart rate 

index to tiie adults hi tiie neuti-al chmate. There was a trend forthe chUdren to have ahigher heart rate mdex 

ttian ttie adults but its sigruficance was apparenfly masked by ttie large variabUity m tiie index. 
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The ChUdren had a higher heart rate uidex tiian ttie adults m ttie two hot climates vdtti no significant 

differences for the heart rate mdex between the two hot chmates. Once agam the large variabUity in ttie 

heart rate mdex scores might mask tiie differences between tiie two hot cUmates which was ^parent when 

ttie percentage of heart rate maxunum scores were compared. The higher heart rate mdex of ttie chUdren 

for ttie hot dry conditions and ttie greater drift m ttie heart rate mdex of tiie chUdren over tiie 30 mmutes 

of exercise m tiiese conditions supports tiie percentage of heart rate maxunum data in ttie contention tiiat 

ttie chUdren were more cardiovasculariy stramed ui the hot dry chmate ttian the adults. However, there is 

a lack of consistency between the two sets of data m the hot wet climate. The greater increase m ttie heart 

rate uidex between tiie neutral and hot wet conditions for tiie chUdren is not matohed by sunilar differences 

in the percentage of heart rate maximum dara. It spears that ttie way the heart rate mdex was calculated 

by dividmg by the average VO^ over 30 minutes and the resulting large variabihty of the mdex has reduced 

ttie predsion of tiiis measurement m comparison to tiie VO^ and heart rate variables. Consequentiy tiie 

percentage of heart rate maximum data is likely to be more discerning than ttie heart rate uidex in ttie 

different environmental concUtions that were examined. 

EVAPORATIVE HEAT LOSS RESPONSES. 

Male 

As ttie male groups had a simUar relative heat production (Figure 5) they can be considered to have an equal 

metabolic heat stress. NormaUy the two groups would be expected to produce equal quantities of sweat 

in response to equal heat loads but the chUdren had a significantiy lower relative evaporative weight loss 

compared to the adults when exercising in the two hot climates (Figure 10). This evidence is supported 

by tiie American Academy of PecUatrics (1982) who concluded from previous smcUes that the sweating 

capacity of children was smaUer than adults. In the present smdy as both groups evaporated the large 

majority of their sweat it can be concluded tiiat the children were losing proportionaUy less heat by 

evaporation than the adults. Therefore as the chUchen appear to be in ttiermoequUibrium they must be 

losing convective heat at a faster rate than the adults. This is supported by Davies (1982) who found that 

children exercising in neutral concUtions lost 66% of their metabohc heat convectively while adults lost 

only 50% of their metabohc heat convectively. 

Unfortunately the results which occurred in the present smdy in hot conditions were not supported by the 

results which occurred m tiie neutral conditions. The chUdren and adults exercising hi neuti-al conditions 

had a sunUar relative evaporative weight loss. Altiiough ttiis is m disagreement witii Davies (1982) and 

ttie present experiments hi hot conditions, it was hkely that the large variabUity hi relative evaporation rates 

obscured the trend for the adults to evaporatively lose more heat than the chUchen. The variabUity in 

evaporation rates was Ukely to be greater ui ttie present smdy compared to tiie Davies (1982) experhnent 

because ttiere would be longer delays before evaporation starts at the lower metaboUc heat load of ttie 

present study and ttie 30 mmutes of exercise doubles tiie variabihty in evaporation rates. 

The evaporative heat loss mdex which standardised the evaporative weight loss for differences ui heat 

production between groups and uidividuals also demonstrated ttiat ttie chfldren evaporated less sweat m 

ttie hot conditions tiian tiie adults hi proportion to ttieir relative heat production. This mdex also supports 
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ttie position that chUchen lose proportionaUy more heat convectively tiian adults when T <36''C. When 

(hUdren and adults were compared on tiie EHLI witii surface areaAnass beuig a covariate tiiere was no 

difference between tiie groups. It appears ttiat ttie chUdren's 32% higher surface area/mass ratio tiian ttie 

adults could be ttie major reason for ttieU proportionaUy higher convective heat loss hi comparison to tiieh" 

evaporative heat loss. An altemative hypotiiesis is tiiat chUdren are more efficient at losmg heat by tiie 

evaporation of sweat than adults. This mdicates that chUdren can sweat less ttian adults but stUl lose as 

much heat because of ttieir more efficient evaporation. Haymes (1984) supports botii of tiie above 

hypotiieses with her statement that smaUer people wUl lose heat to the environment more rapidly by botii 

convection and evaporation than larger people because of tiieir larger surface area/mass ratio. Theoreti

caUy tiie rate of losmg heat is contit)Ued by tiie evaporative, convective and racUative coefficients and die 

skin to air temperamre difference. Since the chUdren's and adults' skm temperamres were substantiaUy 

ttie same for botti groups the differential rate of heat loss wiU mahily depend on ĥ . and h .̂ Accordhig to 

Kerslake (1972) ĥ  depends on tiie characteristic dunension of the individual. Smce tiie chUdren were 79% 

of ttie height of the adults (143/180), then ttieir ĥ  can be assumed to be proportionaUy larger than the adults 

according to tiie formula hj.=7.2V°*L-°'' (L=0.79) i.e. h^=7.95V'"* which is calculated as a 10% larger 

convective coefficient. Due to this size difference ĥ  wiU also be 10% larger for the children in comparison 

to the adults. This theoretical chfference between children and adults translates into a greater rate of 

convective heat loss for the chUdren and also tiie potential for a greater rate of heat loss through 

evaporation. However tiie children do not need to sweat as much as tiie adults because they have already 

lost heat convectively at a faster rate. As the need for sweating is decreased in the children, wettedness is 

also decreased and sweatmg efficiency is uicreased, further decreasing tiie chUchen's need to sweat. The 

children are thus doubly advantaged by their smaUer cUmensions. 

Female 

The comparison of the female groups for relative evaporative heat loss must consider their unequal relative 

heat production and their (hfferent sizes. Since the chUdren produced less relative metabolic heat when 

exercising ui the hot con(Utions it would be expected that they would also sweat less per kg of body mass. 

Also the female chUdren's 8% larger surface area/mass ratio hi comparison to the adult females should 

further proportionaUy decrease the chUdren's relative sweat rate. This was not the case as there was no 

significant chfference between the two groups when they were exercismg m the hot conditions. Perhaps 

ttie trend for a relatively smaUer sweat rate for tiie chUdren did not reach significance because it was masked 

by the large variabUity in sweating between hi(Uviduals. Also it spears that the female adults have an even 

largervariabiUty in sweating than the adult males which was perhaps due to tiie lack of control forthe effect 

of exercising at different stages ui tiieir menstiiial cycle. The evaporative heat loss index also appears to 

lack tiie sensitivity to demonstrate a difference between tiie two female groups. Perhaps the 8% difference 

ui flie surface area/mass ratio between tiie two groups was not large enough to demonstrate a significant 

proportional difference in the evaporative heat loss mdex between tiie groups as tiie female chUdren had 

a smaUer advantage tiian tiieir male counterparts forh^ overtiie adultfemales (L=143/166=0.86). Also any 

differences may have been masked because tiie variabihty for tiie evaporative heat loss index between 

individuals and groups was too great. 
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Total Sample 

Since the evaporative heat loss mdex accounts for differences ui heat production between ui(Uviduals and 

groups it was appropriate to analyse flie total sample for any differences on tiiis mdex. The evaporative 

heatloss mdex uidicated tiiat tiiere were significant stams and sex effects. The chUdren sweated relatively 

less flian tiie adults and females sweated relatively less tiian males. Ottier mteractions did occur but it was 

considered iru^)propriate to interpret tiiese witiiout furflier evaluation of the variabUity of sweating and 

conttolUng it stricfly fortiie level of hydration, hiitial core temperamre and tfie stage hi ttie menstrual cycle 

for females. It is suggested that the relatively smaUer sweat rates of tiie chUdren and tiie female groups 

appears to be related to their smaUer size which enables them to lose more heat convectively than adult 

and male groups when T^<36"'C. 

MEAN BODY TEMPERATURES 
SKIN TEMPERATURE 

There were no significant cUfferences for mean skin temperamre between chUdren and adults or between 

ttie sexes. The significant chmate by time interaction was due to a coolmg of the skin in the 22°C 

environment and a gradual heating of the skin in flie 3 PC or 35°C air temperamres. The vast majority of 

this interaction was due to changes in the first 10 minutes of exercise in the ventUated climate chamber 

after being in a room with a stiU air environment of approximately 22°C. The female chUchen had a higher 

Tj tiian the female adults in the 22°C chmate. This was due to three of the chUchen msisting on wearing 

track suit pants (as opposed to shorts) which would have reduced the coolmg effect caused by the 4 m. 

sec' air velocity. This increased the average skin temperamre for this group m the 22*'C environment. In 

tiie present smdy T̂  is closely shnUar for children and adults in both the hot and thermoneutral 

environments. Drinkwater (1977) also found skin temperamres to be mainly dependent on environmental 

concUtions and to be closely sunilar between adults and children in hot and very hot concUtions. However, 

Davies (1981) who exercised chUdren and adults at 68% VO^ maxunum in tiiermaUy neutral conditions 

found that the children exercised at skin temperamres which were approximately 3°C higher than the 

adults. It is hard to rationalise these chfferent results in relation to the present smdy. The higher exercise 

intensities, different envirorunental conditions and the different measurement sites which were used for 

the mean skin temperature measurements make it hard to cUrectiy compare the results of the two smcUes. 

Inbar (1978) who examuied both prepubertal chUdren and adults exercismg at 50% VO^ maximum in43*'C 

heat also found that the mean skin temperamres of both groups were sunUar. 

CORE TEMPERATURE 

The chUdren's core temperamre was significantiy higher than tiie adults ui aU three climates over the 30 

minutes of exercise. On average flie chUdren's core temperature, as measured hi the ear canal, was 0.4 to 

0.5''C higher flian fliat of tiie adults'. This difference was reasonably consistent over the 30 mmutes of tiie 

exercise test. There was a gradual increase in core temperatures of 0.1 to 0.3°C over tiie 30 minutes of tiie 

exercise test in hot conditions and this was simUar for botii chUdren and adults. Since this mcrease is very 

smaU both the chUdren and adults can be considered to be hi temperatiire equihbrium. The chUdren should 

not be considered likely to suffer heat sti-ess hijuries earher tiian adults because of tiieir higher uiitial core 
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temperatiire. GuUestad (1975) states ttiat ttie chUd's resting core tonperatiire is 0.6''C higher ttian tiie 

adults' and that tiie chUdren's core temperature is raised by a smaUer amount to that found for adults when 

botti are exercising at ttie same percentage of VOj maxunum. The higher hiitial core temperature of the 

chUdren as suggested by GuUestad (1975) is supported by ttie results of tiiis study and is most Ukely a 

consequence of tiie general relationship tiiat body temperamre is uiversely related to body mass (Adams, 

1989). Haymes (1974) who compared women and giris exercismg m 48°C heat also foimd the girls to have 

a 0.4'C higher T^ at 30 minutes of exercise but the study was not continued for the relative exercise 

intensity of tiie two groups as tiiey were botii walkuig at4.8 km.hr' and on a 5% slope. Davies (1981) who 

compared chfldren and adults exercismg at 68% VO2 maxunum hi tiiermoneutral conditions found the 

(Mdren to have a O.Ŝ C higher T^ ttian the adults at tiie beguinhig of exercise but after 60 mmutes botii 

groups recorded simflar results with T^=38.8-38.9°C. 

The ear canal temperamre in tiie present smdy generaUy decreased when tiie subjects exercised at T^=22''C 

compared to exercise in the hotter environments. There is likely to be some drainage of the cooler scalp 

blocxl past the uitemal ear canal skin with consequent reductions in the measured core temperamre 

(Marcus, 1973b). McCaffrey (1975) found that T^ generaUy foUowed other measurements of core 

temperature except when there was extî eme localised heating and cooling of the facial skin near the ear. 

Changes in tiie T^ of up to 0.3 to 0.4"'C were produced by water bags at 4°C or 48''C when they were placed 

on ttie scalp above tiie ear. Marcus (1973a) also found changes in T^ of up to 0.4°C due to local racUant 

heating hi the region of the ear. It is suggested tiiat T^ is a suitable measure of core temperamre as long 

as extreme localised heating or coohng in the region of the ear is avoided. In this smdy the localised cooling 

effect of air at T^=22°C and V=4m.sec' produced a final T^ which was 0.7''C below that found in the 

T,=31''C environment. The T^ measured in T^=22°C was considered to be subject to a major localised 

coohng effect whUe exercise in the two hot environments (T^=31°C and T^=35''Q were not considered to 

adversely effect T^ as a measure of core temperamre. 

To compare past stucUes with the present one the (Ufference in core temperature measured at the T^ and 

T^locations needs to be evaluated. Docherty (1986) smdied prepubertal boys exercismg at 6 km.hr' on 

a treadmiU and measured both T^ and T^. He found tiiat tiiere was a 0.8'>C dflference between ttie two 

measurements of core temperamre at both the beginning and end of 60 mmutes of exercise. AdcUtionaUy 

ttie T^ had a much faster response tune reaching a plateau at 20 mmutes of exercise compared to a simUar 

plateau reached at 30 mmutes of exercise for the rectal temperature. The final T^ of the Docherty study 

was 37.4''C at approxmiately 38% VO^ maxunum and hi hot humid conditions (T,=30°C, Relative 

humidity=60%). This compares closely witii tiie results of tiie present smdy where tiie subjects were 

exercising at 50% VO^ maxunum and m hot humid conditions (T,=31''C, relative humidity=70%). The 

final T^ measured in tiiese conditions after tiiirty minutes of exercise was 0.3°C higher tiian tiie Docherty 

(1986) stiidy which can be associated witti ttie children exercismg at a 12% higher % VO^ m axhnum. When 

0.8°C is added to ttie findings of ttie present stiidy an estimate of T^=38.5''C is produced. This is 0.6°C 

higher ttian tiie equflibrium T^ reconled for chfldren (GuUestad, 1975) exercismg at 50% VO^ maxunum 

in neutral climatic concUtions. 
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In ttie present study the difference m T^ between ttie adult and chUdren groups was not affected when S A/ 

mass was used as a covariate. However, when skinfolds and VO^ maxunum were individuaUy used as 

covariates agahist T^ ttie effect of gender was removed but ttie difference between tiie chUdren and adults 

remained unchanged. This could be because tiie females had greater levels of fat than ttie males and also 

a lower aerobic fitiiess. These two factors could each heat up the females more quickly, ft is hypotiiesised 

tiiat the females heated up more quickly mahily due to their lower specific heat which was a result of their 

greater level of fatiiess m comparison to their male counterparts. The effect of a lower aerobic fimess was 

perhaps an mdirect one in tiiat it was also closely associated witii higher levels of fat. 

COVARIATE - SURFACE AREA/MASS 

It was apparent that the SA/mass ratio was hnked to two of the ttiermoregulatory variables ttiat responded 

differentty for children and adults exercising in neutral and hot conditions. Using the SA/mass ratio as a 

covariate ehminated the cUfferences between adults and chUdren on heart rates and the evaporative heat 

loss index, but had no effect on cUfferences for the heart rate index and ear canal temperamre. SA/mass 

was not covaried against mean skin temperamre as tiiere appeared to be no differences between chUclren 

and adults on this dependent variable. 

PART TWO: CHILDREN AND ADULTS EXERCISING AT A CONSTANT METABOLIC 

RATE IN HOT WET ENVIRONMENTAL CONDITIONS WITH RADIANT HEAT. 

AIR TEMPERATURE AND HUMIDITY 

The air temperamres in the chmate chamber were tiie same for both groups but tiie relative humichty 

averaged 6% higher for the children compared to the adults over ttie 40 minutes of the exercise tests. This 

higher humichty could be expected to reduce the maximal evaporative capacity of tiie children in 

comparison to tiie adults. When tiie relative humidity was converted to a water vapour pressure it was 7% 

higher for the children at an average air temperamre of 33°C. This would translate into a 7% reduction 

in E^^ if ĥ  and mean skin temperamres remained tiie same for both groups. However the children had a 

tiieoreticaUy 10% greater ĥ  and a 0.8°C higher mean skin temperamre tiian tiie adults. These differences 

indicate that the E^^ should be calculated separately for each group. In fact, it was calculated tiiat on 

average the E of the adults was 5% lower than the value calculated for tiie children. 

i.e. E =h x(P-P) 
max t ^ s a' 

Child E = 273 X (5.32 - 3.82) = 399W.m-̂  
max '- ' 

when T = 34''C and humidity = 76% at T, = 33''C 

AduU E = 248 X (5.09 - 3.56) = 379W.m-̂  
max ^ ' 

when T = 33.2''C and humidity = 70% at T =33''C 
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These calculations mdicate tiiat flie chUdren wUl be less Umited tiian tiie adults for losmg heat by 

evaporation. The major reason for ttteir larger E ^ was tiieir higher ĥ  and higher skm temperamres. 

However tins does not mdicate tfie cardiovascular cost tiiat might be uicumed by tiie chfldren at tius higher 

humidity. Kamon (1983) suggested tiiat tiiere is a one BPM mcrease m heart rate for every 0.13kPa 

increase m water vapour pressure. Since tfie water vapour pressure was 0.26kPa higher m tiie climate 

chamber for the chfldren in comparison to tiie adults it can be calculated tiiat the chfldren wUl exercise at 

a heart rate which is uicreased by two BPM hi comparison to ttie adults. This calculation assumes that tiie 

(hUdren wUl be affected by humidity hi a sunUar way to tiie adults. Even tf tfie chUdren have a shghtiy 

different response to tfie adults it ^)pears tfiat tfie higher humidity experienced by tfie chfldren m tfie 

chmate chamber would generate a very smaU mcrease m tfie cardiovascular cost compared to that 

experienced by the adults. Some caution must be included witii this interpretation as Kamon's subjects 

exercised at hght intensities ui comparison to the moderate mtensities undertaken in the present 

experiment 

WORK RATE, METABOLISM AND HEAT PRODUCTION 
The experiment was designed to enable both the chUchen and adult groups to work at the equal 

physiological stress of 50% VO^ maximum. However, whfle both groups woriced at a statisticaUy sunUar 

metaboUc rate for tiie 30 minutes of tiie test there was a 4% (Ufference in their relative intensities. The 

adult's metabolism averaged 50% of VO^ maximum and the children's averaged 46% of VO^ maximum. 

The children were also 6% less efficient than the adults and this proportionaUy uicreased their metabohc 

heatload. Since the chUdren and adults were equal ui aerobic fitness and the children were exercismg at 

a lower percentage of VO^maximum, theirlower efficiency compensated and enabled both groups to work 

at tiie equal metabolic heat stress of 7.3 W.kg"'. Heat production depends on the aerobic fimess of the 

individuals, intensity of exercise and their metabohc efficiency. To satisfactorily compare chilchen and 

adults they should have equal aerobic fimess and be exercising at the same percentage of VO^ maximum. 

Once these conditions are satisfied then it appears that children wiU have a higher relative heat production 

than adults because of their lower exercismg efficiency. 

EVAPORATTVE HEAT LOSS RESPONSES 

The relative sweat rates of the chUchen were practicaUy the same as the adults m both the low and high 

radiant heat conditions. At air temperatiires below 36''C chUdren can be expected to lose heat convectively 

faster tiian adults. In the first section of this study it was concluded tiiat tfie chUdren were losmg 

proportionaUy less heat by evj^ration than tiie adults. Therefore as tiie chUchen appeared to be in 

ttiermoequUibrium they were losing convective heat at afaster rate than tiie adults. This idea was supported 

by Davies (1982) who found that chUdren exercismg in neutral conditions lost far more of their metabohc 

heat convectively than tiieir adult continls. WhUe tiie air temperamres were different between tiie two 

studies botii stUl had air temperatures tiiat were below mean skin temperamres which favours a convective 

heat loss, ff tiiere was no radiant heat, chUdren would be expected to sweat less. The appUcation of radiant 

heat to tiie back and tiie lateral aspect of tiie left upper ann (approxmiately 20% of tiie skui's surface) caused 

childiren to absorb radiant heat at a faster rate than tiie adults. This increased radiant heat gain appears to 

have neutralised the convective heat loss advantage of the chUdren. 
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ChUdren with theu- smaller surface area would proportionaUy absorb less radiant heat Blum (1945) 

calculated that 270 watts of radiation was absorbed by the average adult hi a temperate climate, ff this level 

of radiation was mcident upon tiie average 10 year old's skin area of 1. lm^ tiie chUd would absorb 165 

watts of radiant heat. However, when tius absorbed radiant heat was converted to a radiant heat load per 

kg of body mass, tiie chUdren's relative radiant heat load was 165/32=5.2 W.kg-' which was considerably 

more ttian ttie adult's relative heatload of 270/69=3.9 W.kg-'. These calculations indicate tiiat tiie chUdren 

have a 33% greater racUant heat stress because of tiieir larger SAAnass ratio. The anthropometric data used 

in tiie above calculations was taken from Tanner's (1978) average height and weight data for 10 year old 

and eighteen year old males. In tiie present smdy ttie uicreased radiant heat load of ttie chUdren appears 

to be balanced by their greater convective heat loss. It spears that the exposure of radiant heat to 20% of 

ttie skin's surface must be close to the break even pouit for marching heat loss and heat gain by these two 

heat exchange mechanisms. It could be hypothesised ttiat when more than 20% of the skin's surface is 

exposed to racUant heat that the chUdren wiU have a greater heat stress in comparison to the adults. 

Conversely, when less ttian 20% of the skin's surface is exposed, chUdren wiU mamtain their heat loss 

advantage over adults in air temperatures which are less than 36°C. In general the skin's surface which 

absorbs radiant heat depends on the sun's latimde and altimde and varies between 5% (sun overhead) and 

25% (facing the sun with sun's altimde at 90°) (Kerslake, 1972). 

The hypothesis tiiat radiant heat exposure to 20% of the skin's surface is the break even point for heat 

exchange between convection and radiation in a hot wet climate with an air temperamre of 31 -33°C has 

two Umitations which need further investigation. Firstiy, the infra-red heaters can not beam the racUant heat 

at an even intensity to aU parts of the exposed skin. SeconcUy, the radiant heaters are likely to have a 

different heating effect to the sun's spectrum which heats the skin to chfferent depths dependuig on the 

wavelength of the radiation. 

The sweat heat loss index which standardised for cUfferent quantities of heat production between tiie 

subjects also supports tiie above fincUngs on relative sweat rates with both the chUdren and adults 

producing closely similar sweat heat loss uicUces in the low racUant concUtion. The higher racUant heat load 

produced higher SHLI's and this was uicreased by a sunUar percentage for botii children and adults. The 

SHLI was used instead of tiie EHLI used in ttie first experiment because the radiant heat produced large 

beads of sweat on the backs of both chUdren and adults and sweat dripped on ttie floor. Consequentiy a 

large amount of the sweat was not ev^xirated. To evaluate tiie effectiveness of sweating between adults 

and chfldren tiie drippage should be coUected over a naphtiialene tray. It is quite possible smce tiie children 

have a greater ĥ  than tiie adults that tiiey wiU also have a higher sweating efficiency than the adults. WhUe 

ttiis argument indicates possible errors in the measurement of the effectiveness of the sweat rate between 

ChUdren and adults, the SHLI stiU gives a good indication of tiie heat stress on an individual as sweat rate 

is cUrectiy proportional to mcreases in core and skin temperatures (Nadel, 1971). Even though different 

subjects were used in tiie first and second experiments ttie male chUdren could be compared because ttiey 

had very sunflar levels of aerobic fitness as measured by their respective VOj maxunums. Despite the 

lower relative exercising intensity of tiie children in tiie second experiment (7.3 W.kg-' and 7.9 W.kg-' 
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respectively) these children produced a greater relative sweat rate. Whfle tiiese two experiments are hard 

to compare direcfly due to ttie different heat loss uidices ttiat were used it can be claimed that the greater 

sweat rates in proportion to the lower heat productions were largely a result of the radiant heat loads 

experienced in the second experiment 

MEAN BODY TEMPERATURES 
CORE TEMPERATURE 

The ear canal temperature of ttie chfldren's group was 0.3''C higher than ttie aduU group at the beguinhig 

of the exercise test This chfference between the adults and chfldren remained relatively the same for ttie 

duration of the 40 mmute exercise tests and was sunflar to the 0.4-0.5''C chfference between tiie adults and 

chfldren experienced hi the first experiment hi the hot wet concUtions v^thout racUant heat The high racUant 

heat concUtion had no adcMtional effect on the T^ in comparison to the effect of the low racUant concUtion. 

However when SA/mass was covaried against the core temperamre the mean difference between the 

children and adults was removed. This cUd not occur in the first experiment and it is cUfficult to rationalise 

the cUfferent results of the two analyses. In conclusion it can be said that there were muiimal cUfferences 

in T^ between chUdren and adults as botii remained in thermoequihbrium at a level which was 

predommantiy related to their relative metabohc heat production and their body size. Further experiments 

need to be plarmed to verify that the initial differences in core temperamre between adults and chUdren 

wiU not lead to an earlier pre(Usposition to heat injury of chUdren. 

SKIN TEMPERATURE (T„,) 

The skin temperamre not exposed to radiant heat varied between 33°C and 34°C for tiie chUdren exercising 

ui the hot wet environment of this smdy. On the face and upper arm sites the adults recorded a 0.8°C lower 

mean T̂  tiian the chUdren. On the lower back and upper ann sites the adults recorded a 1.7''C lower mean 

T, tiian tiie chUdren hi tiie first 10 minutes of exercise without tiie apphcation of radiant heat. The skin 

temperatures at the face and upper arm sites were not affected by the application of ra(Uant heat to other 

skin sites. In general it can be clauned that chUdren wiU have a higher mean skin temperamre than adults 

when exercising ui a hot wet chmate without radiant heat. The increased skin temperamre of chUdren in 

comparison to adults broadens tiie skin to air temperamre gra(Uent and subsequentiy elevates tiie rate of 

convective heat loss. This result differed from tiie non significant differences found between tiie mean skin 

temperatures of the chUdren and adults which occurred in section A. The two experiments however, 

measured tfie skin temperamres with different uistruments. Placmg a probe on tiie skhi and securing it witii 

t ^ creates a microenvironment which does not aUow tiie chUdren or adults to fuUy respond to tiie coohng 

effect of the air moving past ttie body. In part A of ttie stiidies in hot wet conditions tiie mean skin 

temperatiire was approxunately 34''C for botii tiie chUdren and tiie adults. U could be surmised that tiiere 

was a greater local evj^ration by the adults hi part B which mamtamed tiie skm at a lower temperamre 

in comparison to tiie children's skm temperature. In line witii tius argument tfie application of tiie tape over 

tiie probe in part A might not have aUowed tiie evaporation of sweat to cool tiie adult's skin more tiian tiie 

ChUdren's when they were botii exercismg in a hot humid environment To fuUy understand tiie differences 

and similarities between chUdren's and adults' skin temperamres exercismg hi hot wet environments a 
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more systematic experiment needs to be planned. Botii local skm temperatiires measured by mfra-red 

ttiennometry and local sweat rates should be sampled over a large number of sites on ttie body so ttiat ttie 

differences between adults and chUdren along witti ttie possible reasons for these differences can be 

estabhshed. FmaUy when T^ was covaried witii SAAnass tiie differences hi T^ between tiie chUdren and 

adults were eUmhiated. It could be hypotiiesised ttiat ttie greater use of convective heat loss by tiie chUdren 

reduced tiieir evaporation rate hi comparison to tiie adults which enabled tiie children to mamtam a shghtiy 

hi^er mean skin temperature. 

SKIN TEMPERATURE (T^) 

WhUe ttie racUant heat flux considerably raised tiie temperature of tiie exposed skin tiie effect was sunflar 

for ttie adults and the chfldren in that the mitial 1.7"'C difference between them was mamtamed under both 

low and high racUant heat fluxes. High radiant heat loads raised the T̂ ^ above the core temperamre. The 

laws of tiienmodynamics predict tiiat tiiis high T^ wiU fiirtfier heat up tiie body core as tiie blood's 

convective heat movement wiU be from tiie skin to tiie body core. This wiU only occur for the 20% of tiie 

skin which is exposed to the radiant heat. The high skin temperamre also increased the skin to air 

temperamre gracUent and an mcreased rate of convective heat loss wiU occur and the evaporative heatloss 

can also be mcreased as tiie water vapour pressure chfference between the skin and tiie air is uicreased over 

ttie skin's surface. Thus whUe there is a racUant heat uiput to tiie body core tiiere is also an increased rate 

of convective heat loss and the potential for an increased rate of evaporation. The children with their higher 

skin temperamres appear to be losing more heat by convection and less by evaporation of sweat in 

comparison to the adults. In the present simation the children had a similar metabolic heat load and a 

relatively larger racUative heat load than the adults. When both groups were exposed to the high racUant 

heat load they both uicreased their sweat rates by the same proportion in relation to the sweat rates in the 

low radiant heat concUtion. This incUcated that the diildren's further increased racUant heat load had been 

matched by an increased rate of convective heat loss. The increased skin temperamres of the children in 

ttie high radiant condition increased the air to skin temperamre gradient and proportionaUy increased the 

rate of convective heat loss. It is apparent that the greater convective heat loss of children in comparison 

to adults occurs on the areas of the skin exposed and those not exposed to racUant heat. In summary, the 

extia ra(Uative heat load of the chUdren has been (Ussipated by their greater rate of convective heat loss. 

HEART RATE RESPONSES 

Since the children had a sigruficantiy higher maximum heart rate than the adults it was most appropriate 

to compare the percentage of heart rate maximum as this wiU give an estimate of the heart rate reserve of 

ttie children and the adults exercismg at the same intensity. The chUdren exercised at a significantiy higher 

percentage of maximum heart rate than the adults. At 15 minutes they exercised at a 6% higher percentage 

of heart rate maximum and this general trend continued for tiie rest of the exercise test. At 40 mmutes the 

chUdren were 7% higher on the percentage of heart rate maxunum compared to the adults. However, 

compared to tiie males in part A exercismg in hot wet conditions there was a smaUer difference between 

ttie adults and chUdren. ff tiie chUdren in part B of the study had been working at 50% VO^ maximum 

instead of 46% then tiie difference between the adults and chUdren was likely to be sunilar to tiiat found 

in part A (10% difference m tiie percentage of heart rate maxunum). Once again when SA/mass was 
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covaried with the percentage of heart rate maxunum the differences between the chUdren and adults were 

ehmmated. This result along with tiie sunflar result in part A of the study fiirther remforces the contention 

that chfldren have a relatively greater volume of blood in the skin as a proportion of the total volume of 

blood compared to the smaUer values for adults and this is the likely reason fortiie smaUer heart rate reserve 

recorded by the exercismg chUdren. There was a significantiy greater cardiovascular drift ui tiie high 

radiant concUtion compared to the low racUant condition for both the chUdren and adults. This unphes ttiat 

thelarger radiant heat load caused an mcrease hi the skin blood flow so that the additional racUant heat could 

be dissipated from the skin. The resulting smaUer venous retum produced a smaUer stroke volume and a 

higher heart rate resulted so that the constant work rate could be maintained. 

The heart rate uidex was calculated to standardise for cUfferences hi %VOj maximum between the groups. 

The chUdren's higher HRI m comparison to the adults supported the contention that chUdren exercised 

at ahigher percentage of heart rate maximum and had a smaUer heart rate reserve when both groups were 

exercising at simflar standardised intensities. The children's HRI drifted more tiian the adults over tiie 40 

minutes of the exercise test. This difference between the adults and children was supported by the HRI 

in part A where the HRI of the chfldren chifted more tiian the adults when they were exercismg hi the two 

hot clunates. The greater increase in tiie percentage of heart rate maximum over time in the higher radiant 

heat condition was not supported by tiie HRI data. Since the HRI had a large variabUity and some of tiie 

trends did not reach significance it is feU tiiat more credence should be placed on tiie percentage of heart 

rate maximum results. The calculation of tiie HRI could be unproved in tiie future by averaging heart rates 

and VOj's over each 2-3 mmutes and tiien calculating tiie mdex rattier tiian averaging tiie VO^ over ttie 

fuU test as was ttie case in this study. 

COVARIATE SURFACE AREA/MASS 

It was apparent tiiat tiie SA/mass ratio was hnked to three of tiie four tiiennoregulatory variables tiiat 

responded differentiy for chfldren and adults exercising in hot wet conditions witii radiant heat. Using tiie 

SA/mass ratio as a covariate ehmmated tiie differences between adults and children on percentage of heart 

rate maximum, core temperamre and tiie skin temperamres not exposed to radiant heat, but had no effect 

on ttie difference between children and adults for T^. SA/mass was not covaried agamst rdative sweat 

rates or tiie SHLI as tiiere appeared to be no differences between children and adults on tiiese dependent 

variables. 
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PART THREE: CHILDREN AND ADULTS EXERCISING AT AN INCREASING 

METABOLIC RATE IN HOT WET ENVIRONMENTAL CONDITIONS WITH RADIANT 

HEAT. 

The children and adults tested in tiiis experiment were tiie same ones used for tiie previous experiment. 

The two groups were sunflar for VOj maxunum, sum of skuifolds and tiie ponderal index. However, tiieir 

maximum heart rates and surface areapermass ratios were significantiy different The chfldren's heart rate 

maximum averaged 12 beats higher than tiie adult value and tiieir SA/mass ratio was 30% greater 

AIR TEMPERATURE AND HUMIDITY 

The chmate chamber generated hot wet climatic concUtions for the adult and chUdren groups. The air 

temperature was the same for both groups, but tiie humidity was significantiy higher for the children's 

group. It was 12% higher in tiie first 10 minutes and 7% higher in the last 20 minutes of tiie exercise test. 

Robinson (1945) has found that thermoequihbrium is maintained while walking in 34°C and 91% 

humidity. Walking can be considered to utiUse approximately 35% of VO^ maximum. The children from 

ttie present study were exercising at 38% of VO^ maximum in a less severe envirorunent than the one 

utihsed by Robinson (1945). ie T̂  = 31-32°C and relative humidity equal to 90%. While it should not be 

a problem to cUssipate the metabolic heat (38% of VO^ Maximum) in the first 10 minutes of the exercise 

test, ttie extra humidity is likely to have an added cardiovascular cost for the chUdren. Kamon (1983) 

claimed that the carcUovascular cost of humidity is an increase of 1 bpm for every extra 0.13 KPa of water 

vapor pressure above 1.7 KPa. In the first 10 minutes of exercise the water vapor pressure for the adults 

was 3.50 KPa and forthe chUdren was 4.04 KPa. This equates to a predicted cardiovascular cost of 14 bpm 

forthe adults and 18 bpm forthe children. This theoretical chfference of 4 bpm in heart rate between ttie 

children and adults can be considered to be smaU particularly at the low work rates that occurred in ttie 

first 10 minutes of the exercise test. 

In the last 20 minutes of the exercise test the 7% higher humidity of the children's exposure converted to 

a 10% higher water vapor pressure. This would normaUy ti-anslate into a 10% lower E__̂^ but tiie children 

have a theoreticaUy 10% greater ĥ  and higher skin temperamres ttian tiie adults. When E_̂ ^ was calculated 

separately fortiie two groups tiie children surprismgly had a tiieoreticaUy greater E^^ tiian tiie adults. This 

calculation was orUy impropriate for the 80% of tiie skm not exposed to radiant heat. 

i.e. E =h x(P-P) 
max e ^ t a'' 

Child 

h, = 273, P = 5.38kPa (T „=34.2°C), P. = 3.77KPa (T,=33"'C) 

Therefore E^„ = 273x(5.38 - 3.77) = 440 W.m"̂  

Aduh 

h^=248, P = 5.14KPa (T„=33.4''C), P,= 3.41KPa (T^=33»C) 

Therefore E = 248x(5.14 - 3.41) = 429 W.m'̂  
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The calculation of E ^ can also be perfonned usmg tiie temperamre (T^) of tiie skin which was exposed 

to high levels of radiant heat (approxmiately 20% of tiie skm's surface). The E of tiie chUdren was 
max 

tiieoreticaUy 14.3% higher than tiie adults in tiiese conditions, 

i.e. E„„ = h X (P - P) 
max e ^ t tr 

Child 

T = 39°C, P = 6.99KPa. 

Therefore E„„ = 273x(6.99 - 3.77) = 879 W.m-̂ . 

Adult 

T^ = 37.5°C,P =6.45KPa 

Therefore E^„ = 248x(6.45 - 3.41) = 753 W.m-̂ . 

In conclusion when both environmental concUtions and skin temperatures were taken into consideration 

ttie chilchen have a greater evaporation potential tiian tiie adults. In tiie last 20 minutes of exercise ttie 

reduced humicUties of both groups should relate to a reduced carcUovascular cost in comparison to the first 

lOminutes. Kamon's (1983) formulae needs to be ̂ plied cautiously as the subjects of the present smdy 

were working at moderate and liigh woridoads while Kamon's subjects were working at low uitensities. 

While the possible humidity related cardiovascular cUfferences between the children and adults has not 

been systematicaUy evaluated, it is anticipated tiiat tiie effect wiU be smaU (less than tiie 4 bpm estimated 

in ttie first 10 mmutes of tiie exercise test). 

WORK AND METABOLISM 

The 10 minute woridoad levels were designed to be easy, moderate and hard. There were no main effects 

for differences on the percentage of VO^ maximum between the groups; the average % VO^ maximum for 

botti groups being 38% at the first work level, 49% at tiie second work level and 64% at the tiiird work 

level. However, exercise in the high rachant heat condition averaged over both groups resulted in a 3-4% 

higher % VO^ maximum for tiie last 20 minutes of tiie test compared to the low radiant heat condition. This 

difference was predominanfly a result of the chfldren who exercised at a 5-7% higher %'^Q, maximum 

in tiie last 20 mmutes of tiie test in tiie high radiant heat compared to the low radiant heat condition. Also 

ttie children were 5-7% less efficient tiian tiie adults when tiiey exercised at the tiu-ee work levels of tiiis 

test. The lower efficiency mfers that the chfldren wiU produce relatively more metabolic heat tiian tiie 

adults when tiiey are botii exercising at tiie same relative mtensity as long as tiiey have similar aerobic 

fitiiess levels. OveraU tiiere were no significant differences in relative heat production between the adults 

and children. In the low radiant concUtion the children and adults produced similar amounts of metabohc 

heat due to tiie children exercising at a 5-7% lower %'SO, maximum and having a 6% lower metabohc 

effidency. However, in tiie high radiant condition tiie chUdren produced significanfly more metabohc 

heat̂ kg tiian tiie adults. This relatively larger variability in VO^ of tiie children compared to tiie adults 

particulariy between the high and low radiant conditions was most likely a result of tiie children varymg 
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tiieir cycling rates as the resistances were mamtained at tiie same level hi both radiant heat conditions. 

These results support ttie contention that chfldren are a lot more variable m the apphcation of constant work 

loads tiian adults (Klausen, 1985). 

EVAPORATIVE HEAT LOSS RESPONSES 

Inline with the sunflar relative heat productions between the chfldren and adults tiiere were no significant 

differences m the relative sweat rates between the two groups. However, there was a trend for the chflchen 

to have a higher relative sweat rate hi ttie high radiant heat condition when compared to tiie adults (8.2% 

higher). This trend i^pears to be in line with the greater relative heat production of tiie chUdren (average 

10.8% higher) m tiie high racUant heat condition. 

The sweat heat loss mdex was used to standardise for the mean cUfferent metabohc heat prochictions 

between tiie groups; especiaUy for the chUdren hi the high radiant heat concUtion. Again there were no 

significant cUfferences between the groups. However, there was a trend for the children to have a higher 

sweat heat loss index than the adults (9.7% higher) ui the high racUant concUtion. WhUe the SHLI wiU 

conect for the cUfferent heat productions to some extent it does not make aUowance for the cUfferent delay 

times for the initiating of sweating which occur at the beginning of exercise. It can be expected that exercise 

at liigher metabolic rates wiU heat the body up at a faster rate and initiate sweating eariier, thus 

proportionaUy causing a greater sweat rate due to sweating at tiie required rate for a longer period of time. 

When moving from the low radiant concUtion to the high radiant condition the children increased their 

relative sweat rate by 26% and increased tiieir SHLI by 16%. At the same time the adults increased their 

relative sweat rate by 14% and their SHLI by 11 %. The greater difference between the relative sweat rate 

and tiie SHLI for the children in comparison to tiie adults reflects tiie children's greater heat production 

in tiie high racUant condition compared to the low racUant concUtion. The adult group had a very sunilar 

heat production in both the high and low racUant conditions and only a smaU difference between the 

percentage increase ui their relative sweat rate and the percentage increase in their SHLI. 

In general as the two groups were producing simUar metabohc heat loads and also simflar SHLI's, these 

results mdicate tiiat whUe the chUdren were absoibuig a greater radiant heat load tiiey were also 

convectively losing heat at a faster rate than tiie adults. Chilchen and adults appear to have an equal 

potential to produce sweat m these conditions, but this does not indicate the cardiovascular cost of losmg 

ttiis heat and whether the cardiovascular cost differs between chUdren and adults. 

MEAN BODY TEMPERATURES 

CORE TEMPERATURE 

The children had a 0.4°C higher core temperatiire ttian ttie adults at ttie begmmng of exercise. The response 

of botti groups to an increasmg metabolism test was sunUar hi that the 0.4''C difference hi T̂  remahied 

constant over the 30 mmutes of exercise. Core temperamre mcreased over tune due to the increased 

metabohc rate at each of tiie tiu-ee woric levels. The high radiant heat condition increased core temperamre 

at a faster rate tiian the low radiant heat condition. This is difficult to uiterpret as tiie chUdren and adults 



exerdsed at an average 3-4% higher percentage of VOj maxunum and had an mcreased metaboUc heat 

load ui the high radiant condition over the last 20 mmutes. The adcUtional increase m T of 0.2''C for the 

high radiant condition duruig ttie 30 mmutes of tiie exercise test is most Ukely a result of this uicreased 

metiiboUsm and not a result of tfie higher levels of radiant heat In general ttie chfldren can be expected 

to absorb a greater relative radiant heat load ttian ttie adults and it appears ttiat tius mcreased heat load was 

neutrahsed by the chfldren's abiUty to lose heat convectively at a faster rate. 

MEAN SKIN TEMPERATURE ( T ^ 

The ChUdren had a higher T^ than ttie adults, but tiie 0.7''C average difference between ttie groups is only 

a smaU amount above the O.Ŝ C precision of the measuring mstrument. This 0.7"'C difference is almost 

identical to the 0.8°C difference found m the first experiment m part B. The skin temperamre did rwt appear 

to be affected by the mcreasmg level of metabohsm in this experiment and was contixiUed predommantiy 

by ttie climatic concUtions. The higher skm temperamres of the chUdren plus the chUdren's theoreticaUy 

larger ĥ  enabled tiiem to lose sigruficantiy more heat convectively than adults. The above differences 

between the groups can be considered uidicative of 80% of the skin's surface which were not exposed to 

radiant heat. The higher humichty concUtions experienced by the children was not expected to produce 

large differences hi skin temperatures between tiie chUdren and adults. The Berger and Grivel (1989) 

formulae which calculates T, for different humidities predicted tiiat only a 0.2°C difference in T^ could 

be expected between the two groups. 

MEAN SKIN TEMPERATURE (T ) 

While there was a significant response for the chUdren' s T̂ ^ to increase more between low and high racUant 

heat when compared to the adults, this response was smaU (0.5''C - 0.8°C higher). This result was not 

consistent with the first experiment in Part B which demonstrated simUar mcreases for adults and chUclren. 

However both the chUdren and the adults exercising in the high racUant concUtion as opposed to the low 

racUant concUtion increased their T^ by about 3''C in both the constant metabohsm and increasing 

metabolism experiments with radiant heat. It appears tiiat tiiere was a fair amount of variabihty ui T,^over 

time. This variabihty can be explained by smaU changes in posture affecting the cUstance of the skin from 

the racUant heat source. AUowing for smaU changes in posmre of the chUdren compared to the adults it 

is not uru-easonable to assert that mean T^ variations would need to be considerably greater than the 0.5°C 

precision of the measuring device before significant cUfferences could be estabUshed. FoUowing this 

argument tiie chUdren and adults have responded in a sunUar way. The chUdren however, have recorded 

a l-2°ChighermeanT^ than the adults; which was most likely due to their higher mitial skin temperature 

before behig exposed to radiant heat To fuUy mvestigate ttiese smaU changes hi skin temperamre a more 

precise study needs to be developed with alarger number of skin sites beuig measured and with ttie distance 

of ttie radiant heat source from the skin bemg more closely contixiUed. The higher humidity experienced 

by ttie chUdren is likely to increase ttieir skin temperature by a very smaU amount [i.e. 0.2°C calculated 

by ttie Berger and Grivel (1989) formulae]. 

HEART RATE RESPONSES 

As ttie level of metabohsm uicreased at each work level, ttie difference hi percentage of heart rate 
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maxunum remained tiie same between the adults and chUdren. The chUdren had heart rates which were 

6-9% higher tfian tfie adults tfuDughout ttie 30 mmutes of exerdse. This was sunUar to part one of 

experiment B where botti groups exercised at close to 50% of VO^ maxunum and ttiere was a 6-7% 

difference in the percentage of heart rate maxunum. ChUdren also had a higher heart rate uidex than the 

adults at tiie ttuw levels of exerdse intensity. As the mtensity of metabohsm was uicreased there was a 

simUar reduction in the heart rate index for both groups. This cxxurs because as the intensity of exercise 

increases ttie percentage of heart rate maximum does not change in the same proportion as the percentage 

of VOj maximum. A more suitable heart rate index could have been calculated by subtracting the resting 

heart rate and resting metabohsm before calculating the ratio. This more suitable index was not used hi 

ttiis study as the resting mformation was not coUected. 

In conclusion the heart rate index and the percentage of heart rate maximum both incUcated that the chUdren 

were exercismg witii less cardiovascular reserve than ttie adults at mtensities between 38% and 64% of 

VOj maximum. At the higher intensity the adults recorded 79% of heart rate maximum and the children 

recorded 86% of heart rate maximum, ff the intensities were uicreased to even higher levels the 7% 

difference in tiie percentage of heart rate maximum between chUdren and adults could be expected to be 

maintained and the chUdren would experience carcUovascular limitations before tiie adults. The chUdren 

arc likely to reach 90% of heart rate maximum at approximately 68% of VOj maximum. This was the level 

of intensity that Davies (1981) had children mamtain for one hour in neutral chmatic conditions, 

i^roximately 70% of VO^ maxunum could be expected to be tiie upj)er lunit of cardiovascular stiahi that 

prepubertal children could maintain for extended periods of time in neud-al clunatic concUtions. However, 

at this mtensity in hot conditions the chUdren are likely to fatigue very quickly owing to the carcUovascular 

drift exceeding 90% of heart rate maximum. 

COVARIATE - SURFACE AREA/MASS 

The differences between children and adults in tiie fmst 10 mmutes of tiie test on T,^, T^, T̂  and tiie 

percentage of heart rate maximum was removed by usmg SA/mass as a covariate. This indicated tiiat tiie 

children' s size was a likely reason for the cUfferences between adults and children exerci sing in hot hum id 

conditions with racUant heat. Smce the chUdren ̂ pear to tiiermoregulate adequately when exercismg in 

ttiese hot climatic conditions the above cUfferences hi core and skin temperamres should not put chUdren 

at a thennoregulatory cUsadvantage. However theh higher percentage of heart rate maximum when 

exercising at the same percentage of VO^ maximum incUcates ttiat chUdren should terminate exercise 

sooner ttian adults when exercising at intensities above 60% of VO^ maxunum, especiaUy when they are 

exposed to hot wet climatic conditions with radiant heat ChUdren have a smaUer heart rate reserve and 

wiU reach limitmg heart rates scxmer than adults. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to examine the problem: 

Do chUdren have greater ttiermoregulatory and physiological limitations to exercise in hot environmental 

conditions than adults? 

Hot conditions were defined as air temperatures between 30-36''C. These conditions were chosen because 

ttiey are commoifly occuring in Austraha and U was of considerable concern that a proportion of tiie 

chUdren playing sport m these concUtions could suffer from a range of heat disorders. The problem was 

analysed by examming the cUfferences hi heat straui responses between children and adults. The heat strain 

response variables measured were core temperamre, skin temperamres, heart rate and sweat rate. FmaUy 

ttie relationship between the heat strain response variables and the subject modifiers of heat straui were 

evaluated. This chapter is presented in the foUowing sequence. 

1) Summary of procedures. 

2) Summary of findings. 

3) Conclusions. 

4) Implications of the conclusions. 

5> Recommendations for further study. 

1) SUMMARY OF PROCEDURES 

This research smdy was conducted in two parts. 

Part A: ChUdren and adults exercismg hi hot wet and hot dry envhoranental conditions without radiant 

heat. 

Part B: Children and adults exercising hi hot wet environmental conditions witii radiant heat. 

The aim of part A of the smdy was to compare tiie physiological and thermoregulatory responses of 

chUdren and adults exercismg in neuti-al and commonly occuring hot wet and hot chy environmental 

concUtions without racUant heat. 

The aun of part B of tiie stiidy was to compare tiie physiological and tiiennoregulatory responses of 

ChUdren and adults exercismg in hot wet environmental conditions with eitiier high or low levels of radiant 

heat at a constant worilc rate or at an mcreasmg work rate witii easy, moderate and hard mtensities. 

PART A: CHILDREN AND ADULTS EXERCISING IN HOT WET AND HOT DRY 

ENVIRONMENTAL CONDITIONS WITHOUT RADIANT HEAT. 

SUBJECTS 

The subjects for this part of tiie tiiesis were 16 physical education smdents (9 men and 7 women) from 

Victoria University of Technology and 15 prepubertal chUdren (8 boys and 7 giris) aged between 9 and 

11 years from Ascot Vale Primary School. 
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PHYSIOLOGICAL VARIABLES MEASURED 

Antiiropometric measurements obtauied were height weight and the sum of skuifolds (caff, tiiigh, 

abdomen and triceps). Surface areaAnass and tiie ponderal index were also calculated. CarcUovascular 

fitiiess was measured by an mcremental effort to vohtional exhaustion on a Monaric cycle ergometer. 

Oxygen uptake was continuously measured so tfiat botii VO^ maxunum and tiie work rate at 50% VO^ 

maximum could be estabhshed. 

Three thermoregulatory exercise tests were perfonned for 30 mmutes on a Monark cycle ergometer at 50% 

VOJ maximum. The chmate chamber was regulated to produce neutral, hot wet and hot dry environmental 

conditions: 

i) Neutial T, = 22»C, Relative humidity = 50%. 

u) Hot wet T, = 3 PC, Relative humidity = 73%. 

iii) Hot dry T, = 35''C, Relative humidity = 28% 

A large fan blowuig air at 4 m.sec' onto the front of tiie subjects in the hot wet and hot dry environmental 

conditions produced an effective temperature of 25.0°C for each of the two hot climates. The dependent 

variables which were measured during these thermoregulation exercise tests were core temperamre, skin 

temperamres, heart rate and evaporation rate. 

DATA COLLECTION PROTOCOLS AND METHODS 

The foUowing measurements were repeated for each of the three 30 minute exercise tests ui the clunate 

chamber. 

i) Mass to the nearest 5 grams before and imme(Uately after tiie exercise test so that sweat loss, relative 

evaporative weight loss and the evaporative heat loss index could be calculated. 

ii) VOj was measured at each 5 muiute mterval throughout the 30 muiute exercise test. The foUowing 

derived variables were subsequentiy calculated: %VOj maximum, metabolic efficiency and relative heat 

production. 

iii) Heart rate was measured by ECG at each 5 muiute interval during tiie 30 minute exercise test. This 

enabled tiie %heart rate maximum and tiie heart rate index to be calculated. 

iv) Core temperature was measured by a ttiennistor probe uiserted into ttie ear canal at each 5 muiute 

interval during the 30 minute exercise test. 

v) Mean skin temperamres were measured at 5 muiute uitervals by skin ttiermistors placed on the ttiigh, 

sternum and upper arm. 

ANALYSIS 

The foUowuig statistical analyses were performed usmg tiie SPSSX package and a main frame HP3000 

computer 

i) Anova by sex and statiis on the foUowing subject modifiers of heat stress: Sum of skinfolds, VO^ 

maxunum, SAAnass and Ponderal index. 

ii) Manova by status, chmate and time on tiie dependent variables measured on tiie subjects undergohig 

ttie ttiennoregulatory exercise tests: VO ,̂ heart rate, % heart rate maxunum, heart rate index, T^ and 
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mean T,. These analyses were mamly con(hicted separately for the male and female groups. 

iii) Manova by status and clunate on ttie dependent variables measured on ttie subjects undergoing ttie 

ttiermoregulatory exercise tests: %VOj maxunum, metaboUc efficiency, relative heat piDduction, relative 

evaporative mass loss and the ev^xirative heat loss mdex. These analyses were mauily conducted 

separately for the male and female groups. 

iv) Mancova usmg Sum skinfolds, SA/mass and VO^ maxunum as covariates to establish tiie relationships 

between ttiese subjed modifiers of heat stress and ttie dependent variables that were significantiy different 

between the chUd and adult groups. 

PART B: CHILDREN AND ADULTS EXERCISING IN HOT WET ENVIRONMENTAL 

CONDITIONS WITH RADIANT HEAT 

The research design of Part B of this thesis was sulxUvided into two experiments; each relating to exercise 

in hot wet envirorunental con(Utions with exposure to radiant heat. 

Experiment one examined the effect of exercismg at a constant woric rate selected to ehcit 50% VO^ 

maximum. 

Experiment two examined the effect of exercising at increasing woric rates selected to ehcit easy, moderate 

and hard metabolic intensities. 

SUBJECTS 

The subjects fortius part of the thesis were ten male physical education smdents from Victoria University 

of Technology and ten male prepubertal children aged between 9 and 11 years from Ascot Vale Primary 

School. 

PHYSIOLOGICAL VARIABLES MEASURED 

The anthropometric variables measured were the same as for part A. 

The carcUovascular fitness measurement was also the same as for part A. 

Four 30 or 40 muiute thermoregulatory exercise tests were performed hi hot wet conditions in the climate 

chamber. 

The first two tests, designated as experiment one compared tiie thermoregulatory and physiological 

responses of chUchien and adults exercising at approxunately 50% VOj maxunum uihot wet environmental 

conditions witii either low or high levels of radiant heat. The subjects exercised for ten mmutes without 

radiant heat to estabhsh baseline data and then continued for an additional 30 mmutes witii either low 

(J=3T>C) or high (T^=49°Q levels of radiant heat 

The second pair of tests, designated as experiment two compared ttie physiological and thermoregulatory 

responses between chUdren and adults exercismg for 10 mmutes at each of easy, medium and hard exercise 

intensities m hot wet environmental conditions under eitiier low (T =37°C) or high (T =49°Q levels of 

radiant heat. The two radiant heaters were attached to stands which were placed 55cm from the left upper 

ami and 55cm fiiom tiie lower back. The Comected Effective Temperatiire was 28.0°C m tiie low radiant 

condition and 31.5°C in ttie high radiant condition. These temperature index scores uicluded a wmd 
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vdocity of 4m.sec' cUrected at the front of the subjects. 

The dependent variables which were measured during these exercise tests were core temperamre, skin 

temperatures, heart rate and sweat rate. 

DATA COLLECTION PROTOCOLS AND METHODS 

The foUowmg measurements were repeated for each of tiie two 40 mmute exercise tests and each of tiie 

two 30 mmute exercise tests in the climate chamber 

i) Mass was measured to the nearest 5 grams before and immecUately after the tiiermoregulatory exercise 

test so that sweat loss, relative sweat loss and the sweat heat loss index could be calculated. 

ii) VOj was measured at each 5 minute mterval throughout the 30 and 40 minute exerdse tests. The 

foUowing derived variables were subsequentiy calculated from these measurements: %V02 maximum, 

metabohc efficiency and relative heat production. 

iu) Heart rate using a sportstester was measured at each 5 minute interval during the 30 and 40 minute 

exercise tests. This enabled tiie %heart rate maxunum and the heart rate index to be calculated. 

iv) Core temperamre was measured by a thermistor probe placed in the ear canal at each 5 minute interval 

duruig the 30 and 40 minute exercise tests. 

v) Mean skin temperature of the skin not exposed to racU ant heat (T,^) was measured by an infrared surface 

measuring thermometer and calculated to be the average of tiie cheek and right upper arm sites. 

Measurements were taken at each 5 muiute interval during the 30 and 40 muiute exercise tests. 

vi) Mean skm temperamre of tiie skin exposed to radiant heat ( T ^ was measured by a infrared surface 

measuring tiiermometer and calculated to be the average of the two lower back and left upper arm sites. 

Measurements were taken at each 5 mmute interval during tiie 30 and 40 minute exercise tests. 

ANALYSIS 
The foUowing statistical analyses were performed using tiie SPSSX package and tiie HP3000 mainframe 

computer. 

i) Anova by stams on the foUovmig subject modifiers of heat stress: Sum of skinfolds, VO^ maximum, 

SAAnass and Ponderal index. 

Experiment one: Constant metabohsm exercise m hot wet environmental conditions witfi low and high 

levels of radiant heat. 
ii) Manova by stams, radiant level and tune on the dependent variables measured on the subjects 

undergohig ttie tiiennoregulatory exercise tests: VO ,̂ heart rate, %heart rate maxunum, heart rate mdex, 

T .meanT and mean T . 

iu) Manova by statiis and radiant level on tiie dependent variables measured on tiie subjects undergohig 

ttie tiiermoregulatory exercise tests: %VOj maxunum, metabohc efficiency, relative heat production, 

relative sweat mass loss and the sweat heat loss index. 

iv) Mancova usmg SAAnass as a covariate to establish tiie relationship between tiiis subject modifier of 

heat stiess and tiie dependent variables tiiat were significantiy different between tiie children and adult 

groups. 
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Experiment two: Increasmg metabohsm exercise in hot wet environmental concUtions with low and high 

levels of radiant heat. 

v) Manova by status, racUant level and time on the dependent variables measured on the subjects 

undergoing the thermoregulatory exercise tests: VO ,̂ heart rate, %heart rate maxunum, heart rate mdex, 

T ,meanT„ and meanT . 

vi) Manova by stams and racUant level on the dependent variables measured on the subjects undergoing 

flie thennoregulatory exercise tests: %V02 maximum, metabohc efficiency, relative heat production, 

relative sweat mass loss and the sweat heat loss mdex. 

vii) Mancova usmg SAAnass as a covariate to estabhsh the relationship between tius subject mocUfier of 

heat stress and the dependent variables that were significantiy different between the chUdren and adult 

groups. 

2) SUMMARY OF FINDINGS 

CHILDREN AND ADULTS EXERCISING IN HOT WET AND HOT DRY ENVIRONMEN-

TAL CONDITIONS WITHOUT RADIANT HEAT 

The foUowmg simUarities and differences were observed between tiie chUdren and adult groups exercising 

in neutial and commonly occuring hot wet and hot dry environmental conditions without exposure to 

radiant heat. 

METABOLIC EFFICIENCY 
The male children had a 6% lower metabohc efficiency tiian tiie male adults exercising at approximately 

50% VOj maximum. 

The female children also had a 6% lower metabohc efficiency tiian ttie female adults exercismg at 

approximately 50% VO^ maxunum. 

The adults were very consistent at produchig a constant woric rate over tiie 30 mmutes of each 

tiiennoregulatory exercise test and across ttie ttiree chmates. The chUdren, however appeared to produce 

a more variable woric rate botti between ttie ttiree cUmatic conditions and over time when tiiey attempted 

to apply a constant workload hi tiie same manner as adults. 

HEART RATE 
The male chUdren reconJed 70% of heart rate maxunum after completing 30 mmutes of exercise at 50% 

VOj maxunum in T, = 22<'C, whUe tiie male adults recorded 60% of heart rate maximum at tiie end of tiie 

sameexercise test This resultindicatedtiiattiiechUdrenusedagreaterproportionofttieirheartrate reserve 

ttian ttie adults when botii were exercising at tiie same mtensity. 

The differences between adults and children on ttie percentage of heart rate maximum were ehmmated 

when ttus dependent variable was covaried agamst ttie SA/mass ratio. 
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The male chUdrrai and the male adults both increased their percoitage of heart rate maximum to 6-7% 

above tiiat found in rteuti-al conditions when they where exercismg ui a hot wet climate (T,=31°C). 

The male children's percentage of heart rate maximum was considerably more affected than the male 

adults when they where both exercising in a hot dry climate (T^=35''Q. The chUdren after 30 minutes of 

exercise increased theu- percentage of heart rate maximum to 13% above that produced m the neutral 

conditions while the adults increased their percentage of heart rate maximum to 6% above that produced 

in the neutral concUtions. The higher percentage of heart rate maximum recorded by the chUdren under 

ttiese ravironmental concUtions is likely to be due to a greater increase in venous pooling with a consequent 

smaller venous retum and a reduced stroke volume. 

EVAPORATIVE MASS LOSS 

The male children had a significantiy lower relative evaporative weight loss compared to the male adults 

when exercising in the two hot chmates. 

The evaporative heat loss mdex which standarcUsed the evaporative weight loss for cUfferences in heat 

production between the groups and incUviduals also demonstrated that the chflchen evaporated less sweat 

than tiie adults in hot wet and hot chy environmental concUtions. 

The evaporative heat loss index analysed forthe total group also indicated that there were significant stams 

and sex effects. The chfldren sweated relatively less than tiie adults and the females sweated relatively less 

than the males. 

Since both tiie chfldren and tiie adults were in thermoequihbrium tiie lesser sweat rates of tiie children 

uidicated that they do not need to sweat as much as the adults because they lose heat convectively at a faster 

rate. It can also be inferred that the chfldren probably had a reduced wettedness and consequenfly an 

increased sweating efficiency, which further decreased tiie children's need to sweat ui comparison to the 

adults. 

MEAN SKIN TEMPERATURE 

There were no significant differences for mean skin temperature measured by thermistor probes t£^d to 

ttie skin between ttie chflchen and achUts or between the sexes. 

CORE TEMPERATURE 

On average ttie children had an mitial 0.4 to 0.5''C higher core temperamre ttian the adults measured in 

ttie ear canal m the two hot climates. This chfference was mamtamed over the 30 minutes of the exercise 

test. 

hi ttiis stiidy ttie locaUzed cooUng effect of air at T,=22°C and V=4 m. sec'produced a fuial T^ 0.7''C below 

ttiat found in tiie T = 3 PC environment. This was considered to be a major localized effect on tiie 
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measurement of the T^ which made it a poor measure of core temperamre ui these neutral envirorunental 

concUtions with mcxlerate air velcxnties. 

The difference in T^ between the adult and chUchen groups was not affected when SAAnass was used as 

a covariate. 

The female chfldren appeaned to be more affected by exercise in hot wet and hot dry environmental 

concUtions than the male children. Their seff reduction of exercising woric rates in the heat was probably 

a result of their lower fitness capabiUties as measured by VO^ maximum and a lower motivation to push 

tiianselves m uncomfortably hot conditions. 

CHILDREN AND ADULTS EXERCISING AT A CONSTANT METABOLISM IN HOT WET 

ENVIRONMENTAL CONDITIONS WITH RADIANT HEAT. 

The foUowing simUarities and differences were observed between children and adults while exercising at 

a constant merabohsm in hot wet environmental concUtions with exposure to racUant heat. 

HEAT PRODUCTION 

The children had an aerobic fimess level which was equal to the adults but they were exercising at a 4% 

lower percentage of VO^ maxunum. The children's 6% lower metabohc efficiency compensated for their 

lower exercise intensity and enabled both groups to produce an equal metabolic heat stress of 

7.3 W.kg-'. 

SWEAT RATE 

The relative sweat rates of the chil(hen were practicaUy the same as the adults m botii the low and high 

ra(Uant heat con(Utions. The ^plication of radiant heat to the back and the lateral aspect of the left upper 

arm (approximately 20% of the skin's surface) probably resulted in the children absorbing ra(hant heat at 

a faster rate than the adults. This hkely increased ra(Uant heat gain appears to have neutralized the greater 

convective heat loss of the children. 

The sweat heat loss mdex which standardised for cUfferent quantities of heat production also supports the 

above fincUngs on relative sweat rates with both the chUdren and adults produchig closely sunUar sweat 

heat loss uidices m the low and high racUant conditions. The SHLI was used mstead of the EHLI used m 

the first experiment because tiie radiant heat produced large beads of sweat on the backs of botii chUdren 

and adults and sweat dripped on tiie floor. It was consequenfly considered inappropriate to assume that 

the majority of sweat was evaporated. 

CORE TEMPERATURE 

The ear canal temperature of the children's group was 0.3°C higher tiian tiie adult group at the beginning 

of tiie exercise test. This difference between tiie adults and children remained relatively tiie same for tiie 

duration of tiie 40 muiute exercise tests and was sunUar to the 0.4-0.5''C difference between the adults and 

chUdren in the first experiment hi the hot wet conditions without racUant heat. 
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When SA/mass was covaried agamst the core temperature the mean difference between the chUdren and 

adults was removed. In conclusion it can be said that the smaU differences hi T^ between chUdren and 

adults was predommantiy related to their body size. 

SKIN TEMPERATURE (T^^) 

In general it can be clauned that the chUdren had a higher T^ than ttie adults when the skin temperamre 

was measured by a surface mfrared thermometer and botti groups were exercismg m hot wetenvhonmental 

concUtions. This higher skin temperature uicreased the skin to air temperamre gracUent and consequentiy 

increased the rate of convective heat loss of the chUdren in comparison to the adults. 

SKIN TEMPERATURE (T^) 

The effect of the radiant heat flux was similar for tiie adults and the chUdren hi that tiie hiitial 1.7°C 

difference in T^ measured before the racUant heat was apphed was maintained under both low and high 

radiant heat fluxes. Botii groups were affected by tiie same amount in the high radiant condition and 

increased their T̂ ^ by 3.0°C compared to the low radiant condition. 

The higher T̂ ^ of the chUdren also increased their skin to air temperamre gracUent and consequentiy 

increased their rate of convective heat loss in comparison to skin not exposed to racUant heat The potential 

for evaporative heat loss was also increased with the higher T̂ ^ increasing the water vapour pressure 

(Ufference between the skin and the air. 

Botii groups increased their sweat rates by the same proportion when they exercised in the low racUant heat 

concUtion and then in the high racUant concUtion. This uicUcated tiiat the chilchen's uicreased racUant heat 

load compared to the adults had been matched by an increased rate of convective heat loss. 

It is apparent that the greater convective heat loss of tiie children m comparison to tiie adults occurs at the 

areas of the skin exposed and those not exposed to racUant heat. 

HEART RATE 

The chUdren exercised at a 6-7% higher percentage of heart rate maxunum than the adults when both 

groups were performmg at a sunUar %V02 maximum hi tiie hot wet environmental conditions with radiant 

heat This difference ui %heart rate maximum would have been larger tf tiie chUdren's 4% lower %V0, 

maxunum was taken mto consideration. This resuU along witii tiie sunilar result hi part A of tiie smdy 

ftirtiier reinforces the contention that children have a relatively greater volume of blood hi their skin as a 

proportion of their total blood volume compared to adults. 

There was a sunUar cardiovascular drift overtiie 30 minutes of tiie constant metabohsm tiiennoregulation 

exercise tests between adults (5%) and chUdren (7%). There was also a 4% higher cardiovascular drift m 

ttie high radiant condition compared to ttie low radiant condition averaged over botii groups. This imphes 

that the larger racUant heat load may require an increase hi the skin blood flow so that tiie additional radiant 
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heat can be dissipated from the dcin. A larger skin blood flow could thrai be hnked with a smaUer venous 

retiim and a smaller stroke volume. This would produce a higher heart rate so that the constant work rate 

could be maintained. 

The heart rate index m general supported the percentage of heart rate maximum data with the chUchien 

havmg a higher HRI than the adults m both the low and high radiant conditions. However, the HRI had 

a large variabihty and since some of the trends do not reach significance more credence was placed on the 

more precise measurement; percentage of heart rate maxunum. The calculation of the HRI could be 

improved in the future by averaging heart rates and oxygen uptake over 2-3 mmutes and then calculating 

the-index. 

SURFACE AREA/MASS RATIO 

The use of the SA/mass ratio as a covariate ehmmated the differences between adults and chUdren on ttie 

percentage of heart rate maximum, core temperamre and the skin temperamres not exposed to racUant heat, 

but had no effect on the chfference between children and adults for T 
>er 

CHILDREN AND ADULTS EXERCISING AT AN INCREASING LEVEL OF 

METABOLISM IN HOT WET ENVIRONMENTAL CONDITIONS WITH RADUNT HEAT. 

The foUowing simUarities and cUfferences were observed between chUdren and adults while exercising at 

uicreasing levels of metabohsm in hot wet envhonmental concUtions with exposure to racUant heat. 

METABOLIC EFFICIENCY 

The children were between 5-7% less efficient than the adults when they exercised at the three work levels 

of the increasing metabohsm test. There were no mam effects for cUfferences on the percentage of VO^ 

maximum between the groups; the average %VOj maxunum for both groups being 38% at the first work 

level, 49% at the second work level and 64% at tiie tiurd work level. The lower efficiency of the children 

mfers tiiat tiiey wiU produce more metabohc heat per kg of body mass compared to tiie adults at easy, 

moderate and heavy work levels as long as both groups have sunUar aerobic fimess levels. 

HEAT PRODUCTION 

In ttie low racUant concUtion tiie chUdren and adults produced similar amounts of metaboUc heat. However, 

in the high radiant condition the chfldren produced significantiy more metabohc heat per kg of body weight 

ttian ttie adults. This relatively larger variabihty in VO^ of tiie chfldren compared to the adults was most 

hkely a result of tiie chfldren varymg theu- cycling rates as ttie resistances were maintamed at the same level 

ui both racUant heat concUtions. Once again these results support the contention that chfldren are a lot more 

variable in their ^phcation of constant work rates than adults. 
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SWEAT RATE 

In general there were sunflar relative heat productions and sunflar relative sweat rates between the two 

groups. However, when compared to ttie adult group there was a trend for tiie chfldren to have a greater 

relative heat production (average 10.8% higher) and a higher relative sweat rate (8.2% higher) m ttie high 

racUant heat concUtion. 

There were no significant differences on ttie SHLI between chfldren and adults. The high radiant heat 

condition averaged over botfi groups had a 13% higher SHLI ttian tfie low radiant heat condition. 

In general as tfie two groups were matohing tfieir relative metabohc heat loads and relative sweat rates, 

tfiese results mdicate that whfle the chfldren were absorbuig a greater radiant heat load tfian the adults ttiey 

were also convectively losing heat at a faster rate. 

CORE TEMPERATURE 

The ChUdren had a 0.4''C higher core temperamre tiian tiie adults tiuoughout tiie 30 mmutes of tiie 

uicreasing metabolism exercise test. This indicated tiiat tiie children and adults botii increased tiieir core 

temperamre to ttie same extent when tiieir exercise intensity was increased by simUar percentages of VO^ 

maximum. 

SKIN TEMPERATURES 

The children had a 0.7''C higher T ̂  tiian tiie adults. There was no effect for tiie level of radiant heat The 

higher skin temperamres of tiie chUdren plus the chUdren's theoreticaUy larger ĥ  enables them to lose 

significantiy more heat convectively tiian adults on approxunately 80% of the skin's surface which was 

not exposed to racUant heat. 

The chilchTen and adults increased their T̂ ^ by a similar amount between low and high levels of racUant 

heat but the chUdren also recorded a 1 -2°C higher mean T̂ ^ than the adults; most likely due to their higher 

initial temperamre of the skm before being exposed to racUant heat. 

HEART RATE 

The chUdren were between 6-9% higher on the percentage of heart rate maximum compared to the adults 

tiuoughout the 30 minutes of the increasmg metabolism exercise tests. This difference hi %heart rate 

maximum can be expected to be maintained when the intensities of exercise are increased to even higher 

levels than the 64% VOj maxunum reached in this study. However the chUdren wiU experience 

cardiovascular limitations before the adults because they have a smaUer heart rate reserve. 

The heart rate index was found to be unsuitable for the increasing metabohsm experiment because of tiie 

large variability experienced fortius index and also because there was an unequal proportional response 

between the percentage of heart rate maximum and the percentage of VO^ maxunum at the different 

intensities of exercise. 
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SURFACE AREA/MASS RATIO 

The cUfferences betweoi chUdren and adults hi the first 10 mmutes of the uicreasing metabohsm test on 

T^, T^, T̂  and the percentage of heart rate maximum was removed by usmg SA/mass as a covariate. This 

uidicated that the chfldren's size was a likely reason for ttie cUfferences observed in thermoregulatory 

responses between adults and chUdren exerdsing in hot humid environmental conditions witti racU ant heat. 

3) CONCLUSIONS 

The ttiermoregulatory and physiological adjustments to exercise in hot environmental concUtions (T, = 30-

36''Q differs m several ways between the prepubertal chUd and tiie young adult The foUowing 

conclusions were drawn from this study. 

i) In general the chUdren had a 6-7% lower metabohc efficiency than the adults exercising on a cycle 

ergometer at easy, mcxlerate and hard work: rates. This means tiiat the children wiU have a greater relative 

heat production than the adults when they are exercising at a similar percentage of VO^ maximum and 

when both groups have equal aerobic fitness levels. 

ii) The chUdren appeared to be more variable than the adults ui theh application of a constant work rate; 

botii between different thermoregulatory exercise tests and over the duration of tiiese tests. 

iu) The female chUdren's reduction of work rates in the heat ui comparison to exercise in neutral 

envirorunental concUtions incUcated that they appeared to be more affected by exercise in hot concUtions 

than the male children. This result was most likely due to the female chUdren having lower aerobic fimess 

levels and showing a lack of motivation to work hard in the heat. 

iv) The children maintained a higher percentage of heart rate maximum than the adults when both groups 

were exercising at 50% of VO^ maximum in neutral and hot wet environmental concUtions. In tiie neutral 

conditions (T^ = 22°Q the chUchien exercised at a 10% higher percentage of heart rate maximum than tiie 

adults. In hot wet environmental conditions (T̂  = 3 PC, RH = approxunately 70%) witiiout radiant heat 

both the male chilch-en and the male adults increased their percentage of heart rate maximum by 6 to 7% 

above that produced in the neutral concUtions. 

v) In hot chy envhonmental concUtions (T^=35°C, RH=^proximately 35 %) without racUant heat the male 

chUdren increased their percentage of heart rate maximum to 13% above that produced ui the neutral 

concUtions. This increase hi the %heart rate maximum was sigruficantiy more than the 7% mcrease 

experienced by the male adults. The higher percentage of heart rate maximum recorded by the chfldren 

under these concUtions was likely to be due to a greater mcrease in venous pooling with a consequent 

smaUer venous remm and a reduced stroke volume. 

vi) The male chUchen had a lower relative evaporative weight loss than the male adults when they were 

both exercising at 50% VOj maximum in hot environmental conditions with a similar relative metabohc 

heat load. It was apparent that the chUdren's larger surface area/mass enabled them to lose heat 
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convectively at a faster rate than the adults and consequenfly thermoequflibrium was maintamed wifli a 

lower relative evaporative heat loss. 

vii) The chfldren exerdsed with shghfly higher mean skin temperamres than the adiflts in hot wet 

environmental conditions. Whfle tiiere were no major differences between tiie chfldren and adults for mean 

T measured by thermistors ti^)ed to tiie skm, mfrared surface tiiermometry estabhshed that the chfldren 

generaUy recorded higher mean skin traiperatures than tiie adults when they were both exercismg hi hot 

wet envhonmental concUtions. The chUdren recorded skin temperatures when die skin was not exposed 

to radiant heat tfiat were between 0.7-1.7-C higher tiian tiiose recorded on adults. The chUdrwi also 

recorded skm temperatures whoi ttie skin was exposed to radiant heat which were between 1,0-2.0°C 

higher ttian those recorded for adults. The higher skm temperamres of the chUdren mcreased ttieir skin to 

air temperamre gracUent and enabled them to lose heat convectively at a faster rate than tiie achflts. 

vui) The temperamre in the ear canal which represented the core temperamre in this smdy averaged 

between 0.3-0.5''C higher in tiie children compared to the adults when botii groups were exercising in hot 

conditions both witii and without racU ant heat This did not appear to place ttie chUdren at a thennoregulatory 

disadvantage when they were exercising at a constant metabohsm as they reached thermoequUibrium eariy 

in the 30 or 40 minute thermoregulatory exercise tests. 

ix) The children exercising hi hot wet envirorunental concUtions with approximately 20% of the skin's 

surface exposed to racUant heat produced similar relative sweat rates to the adults. Since children 

apparenfly lose heat convectively faster than adults in these concUtions, it can be hypothesized that the 

uicreased racUant heat load of this group was neutralized as both groups had similar relative sweat rates 

and heat productions. This hypothesis is subject to the possibihty of unequal sweat efficiencies occuring 

between adults and chfldren. 

x) There was a 4% higher carcUovascular drift during the 40 minutes of exercise in the hot wet 

environmental conditions with high levels of racUant heat compared to exercise in the same concUtions with 

low levels of racUant heat This result was simUar for the chUdren and adult groups. It can be hypothesized 

that this greater carcUovascular drift was a result of the efforts of the cardiovascular system to cUssipate 

the extra heat load. 

xi) The chUdren recorded a 6-7% higher percentage of heart rate maximum compared to the adults when 

both groups were exercising at close to 50% of VOj maximum in hot wet environmental concUtions with 

radiant heat. Since previous experiments at 50% VO^ maximum had placed the chUchen's %heart rate 

maximum 10% higher than the adults hi both neufral and hot wet conditions without racUant heat this result 

uidicated that the chUdren and adults were sunUarly affected by exercise in hot wet concUtions witii racUant 

heat A simUar carcUovascular drift experienced by both groups over the 30 minutes of exercise in hot wet 

concUtions with racUant heat also incUcated that they were both affected to the same extent hi these 

concUtions. 
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xii) In the increasing metabohsm exercise test ui hot wd environmental concUtions with racUant heat the 

c^dren and adults had sunilar relative sweat rates and simUar relative heat productions. The chUdren also 

maintained a 6 to 7% hi^er percentage of heart rate maxunum compared to the adults at the three 

increasmg work rates. These results also uidicated that the chUdren and adults responded hi a sunUar 

manner to exercise in hot wet environmental concUtions with exposure to racUant heat. 

xiu) The increasing metabohsm exercise test increased the T^ of the chUdren and adults to the same extent. 

WhUe the chUdren wiU have higher core temperatures than adults when exercising at similar percentages 

of VOJ maximum tiiey wiU also reach hmituig heart rates sooner than adults, ff 90% of heart rate maxunum 

is considered to be the upper limit of aerobic exercise, chUdren wiU reach this level at a 10% lower 

percentage of VOj maximum than adults. Consequentiy core temperamres are likely to increase to simUar 

levels as those recorded by adults with close to maximal exertion exercise in hot wet environmental 

conditions with radiant heat. 

xiv) The SAAnass ratio used as a covariate ehminated the majority of cUfferences between adults and 

chUdren on the dependent variables in each of the tiiree experiments performed in this study. It was 

concluded that the physical size chfference between chilchen and adults was the major reason for the 

thermoregulation cUfferences between these groups. 

4) IMPLICATIONS OF THE CONCLUSIONS 

i) The lower metabohc efficiency and the lower relative exercise intensity of prepubertal children resulted 

in a lower relative H compared to adults. However, when chUdren are required to exercise at the same 

absolute work intensity as adults tiiey wiU increase their relative heat production to a higher level than the 

adults. Also, when children are exercismg at the same relative intensity as adults and have an equal or 

higher VO^ maximum they wiU have a higher relative heat production than the adults. 

ii) Prepubertal children exercising uidoors ui a hot wet chmate wiU generaUy thermoregulate as weU as 

adults. The precautions taken for adults exercismg ui these concUtions are also appropriate for chUdren. 

iu) Prepubertal chUdren exercismg hi a hot wet climate witfi exposure to radiant heat wUl also generaUy 

tiiennoregulate as weU as adults. The precautions taken for adults m these concUtions are also appropriate 

for children. 

iv) There is a tendency for chUchTen to have a larger cardiovascular drift than adults when they are exercismg 

indoors ui a hot dry chmate. This indicates that children wiU tire faster and tenninate exercise sooner due 

to their more rapicUy uicreasing heart rates. 

v) CMdren sweat in relation to their heat production m a sunilar way to adults. They therefore need to 

replace fluids hi proportion to their sweat loss which is closely related to tiieir body size. 
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vi) ChUdren exercismg exhaustively in hot wet conditions wUl most Ukely be limited by theh 

cardiovascular system. Adults, however can be limited by both their thennoregulatory and carcUovasĉ ular 

systems as evidenced by the numerous cases of heat exhaustion produced m fun runs like the Sydney City 

to Surf (Richards, 1986). 

5) RECOMMENDATIONS FOR FURTHER STUDY 

i) Further research on chUdren exercismg hi a hot dry climate with radiant heat is needed to evaluate the 

fiUl extent of the thermoregulatory limitations of chUdren exercismg m these concUtions. 

ii) Research conducted in the field is needed to ascertain if the fincUngs produced in tiie climate chamber 

are confirmed when children play sport in hot indoor and hot outdoor environments. 

iu) Research needs to be conducted on children who hve in hot wet and hot dry environments to examine 

their level of accUmatization in comparison to adults. 

iv) FuiaUy there needs to be a comparison of the thermoregulatory responses of chUdren playing interval 

type games in hot concUtions with the responses of children performing continuous effort activities in the 

same hot conditions. 
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APPENDIX A 

PART A 

MEAN DATA FOR CHILDREN AND ADULTS EXERCISING IN HOT WET 

AND HOT DRY ENVIRONMENTAL CONDITIONS WITHOUT RADIANT 

HEAT 



APPENDIX A-1 

AVERAGE METABOLISM AS A PERCENTAGE OF MAXIMUM OXYGEN UPTAKE 

Climate 
22°C 

3 PC 

35°C 

22°C 

3 PC 

35''C 

Males 

Status 
child 
adult 

child 
aduh 
child 
adult 

Females 

child 
adult 
child 
adult 
child 
adult 

Mean 
49.0 
48.6 
47.2 
48.2 
49.7 
47.6 

47.5 
52.9 
43.4 

53.3 
44.7 
52.9 

Std.dev. 
3.3 
5.6 
3.7 
3.1 
4.0 
3.1 

5.5 
6.0 
5.1 
4.9 
2.5 
3.7 

N 
8 
9 
8 
9 
8 
9 

7 
7 
7 
7 
7 
7 

95% 
46.3 
44.3 
44.1 
45.9 
46.3 
45.2 

42.4 

47.3 
38.7 
48.7 
42.4 
49.5 

confidence limits 
51.8 

52.9 
50.3 
50.5 
53.1 
50.0 

52.5 
58.4 

48.1 
57.8 
47.0 
56.3 
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APPENDK A-2 

METABOLIC EFFICIENCY (%) 

Climate 
22''C 

3PC 

35°C 

2PC 

3PC 

35''C 

Males 

Status 
child 
adult 
child 
adult 
child 
adult 

Females 

child 
adult 
child 
adult 
child 
adult 

Mean 
12.7 
18.9 
12.9 
18.9 
12.2 
19.2 

11.1 
18.1 
12.0 
17.9 
11.6 
18.0 

Std.dev. 
1.8 
2.0 
2.1 
1.1 
1.6 
1.2 

1.4 
2.1 
1.7 
1.7 
1.3 
1.7 

N 
8 
9 
8 
9 
8 
9 

7 
7 
7 
7 
7 
7 

95% 
11.1 
17.4 
11.2 
18.1 
10.9 
18.2 

9.6 
16.2 
10.5 
16.3 
10.4 
16.5 

confidence limits 
14.2 
20.4 
14.7 
19.8 
13.6 
20.1 

12.3 
20.0 
13.5 
19.5 
12.7 
19.5 
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APPENDIX A-3 

RELATIVE HEAT PRODUCTION (W.kg i) 

Chmate 
22''C 

3PC 

35°C 

22°C 

3PC 

35°C 

Status 
child 
adult 
child 
adult 

child 
adult 

Females 

child 
adult 
child 
adult 
child 
adult 

Mean 
7.7 
7.9 
7.4 
7.8 
7.9 
7.7 

6.2 
7.1 
5.6 
7.1 
5.9 
7.1 

Std.dev. 
08 
1.6 
1.0 
1.1 
1.1 
1.0 

0.7 
1.2 
05 
0.9 
0.9 
1.1 

N 
8 
9 
8 
9 
8 
9 

7 
7 
7 
7 
7 
7 

95% 
7.0 
6.7 
6.6 
7.0 
7.0 
6.9 

5.6 
5.9 
5.2 
6.2 
5.1 
6.1 

confidence limits 
8.4 
9.2 
8.3 
8.6 
8.8 
8.5 

6.8 
8.2 
6.1 
7.9 
6.7 
8.1 
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APPENDK A-4 

RELATIVE EVAPORATIVE WEIGHT LOSS (gm.hr i.kg^) 

Chmate 
22''C 

3 PC 

35°C 

22°C 

3 PC 

35<'C 

Males 

Status 
child 

adult 
child 
adult 
child 
adult 

Females 

child 
adult 
child 
adult 
child 
adult 

Mean 
4.78 

6.17 
8.42 

11.45 
9.68 

11.97 

1.57 
2.57 
5.68 
6.80 
7.48 

11.36 

Std.dev. 
3.24 

1.71 
2.54 
2.50 
2.64 

3.33 

0.87 
066 
2.50 
2.33 
2.71 
6.14 

N 
8 
9 
8 
9 
8 
9 

7 
7 
7 
7 
7 
7 

95% 
2.07 

4.86 
6.30 
9.53 
7.47 

10.26 

077 
1.96 
3.36 
4.65 
4.97 
5.68 

confidence limits 
7.49 

7.48 
10.54 
13.37 
11.89 
13.69 

2.37 
3.18 
7.99 
8.95 
9.98 

17.04 
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APPENDIX A-5 

EVAPORATIVE HEAT LOSS INDEX (gm.hfi.W )̂ 

Chmate 
22°C 

3PC 

35''C 

22°C 

3PC 

35°C 

Males 

Status 
child 
adult 
child 
adult 
child 
adult 

Females 

child 
adult 
child 

adult 
child 
adult 

Mean 
063 
0.80 
1.13 

1.46 
1.24 
1.82 

0.25 
039 
0.99 
096 
1.26 
1.56 

Std.dev. 
0.42 
0.25 
0.27 
0.22 
0.35 
0.20 

0.14 
0.14 
0.39 
034 
039 
0.66 

N 
8 
9 
8 
9 
8 
9 

7 
7 
7 
7 
7 
7 

95% 
0.27 

0.61 
0.90 

1.29 
0.94 
1.67 

012 

0.25 
063 
065 
0.90 
1.10 

confidence limits 
0.98 
0.99 
1.35 
1.63 
1.53 
1.97 

0.38 
0.52 
1.35 
1.28 
1.62 
1.73 
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Time 
5 min 

lOmin 

15min 

20min 

25min 

30min 

Climate 
22''C 

3 PC 

35»C 

22''C 

3PC 

35°C 

22°C 

3 PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3 PC 

35<'C 

22''C 

3PC 

35°C 

APPENDIX A-6 

RELATIVE OXYGEN UPTAKE (ml.kg ^min 

Males 

Status 
child 
aduh 
child 
adult 

ChUd 
adult 

child 
adult 
child 

adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 

adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

Mean 

24.8 
27.7 

25.6 
26.8 

25.9 
27.1 

25.7 
28.7 
23.5 
27.1 
24.9 
27.7 

26.1 
28.3 
24.2 
28.8 
26.1 
27.8 

26.2 

29.0 
24.6 

29.1 
27.2 
28.0 

26.6 
28.9 
25.8 
29.6 

26.9 

28.3 

27.0 
29.2 
27.1 

28.5 
27.8 
28.7 

Std.dev. 
3.3 
6.9 
4.0 
3.8 

3.3 
4.6 

4.1 
5.2 
4.0 
4.1 
3.0 
4.0 

3.7 
5.4 
2.7 
5.0 
3.5 
3.5 

3.3 
5.3 
3.0 
4.4 
3.9 
3.5 

2.4 
5.2 
3.8 
3.0 
4.2 
3.4 

3.3 
5.5 
4.7 

3.8 
5.0 

3.5 

N 
8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

95% c 
22.1 
22.4 
22.1 

23.9 

23.2 
23.5 

22.2 
24.7 
202 

24.0 
22.4 
24.1 

22.9 
24.1 
21.9 
25.0 
23.1 
25.1 

23.5 
24.9 
22.1 
25.6 
23.9 
25.3 

24.5 
25.0 
22.6 
27.3 
23.4 

25.7 

24.3 
25.1 
23.1 
25.6 
23.6 

26.0 

') 

onfidenc 
27.6 
33.1 

28.9 
29.7 

28.7 
30.6 

29.2 
32.7 
26.9 

30.3 
27.4 

30.8 

29.2 
32.5 
26.7 
32.6 
29.0 
30.5 

30.0 
33.0 
27.1 
32.5 
30.4 
30.7 

28.6 
34.9 
29.1 
31.9 

30.5 
31.0 

3O0 
33.4 
31.0 
31.5 
32.0 

31.3 
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APPENDIX A-6 (contd.) 

Females 

Time Climate Status Mean Std.dev. N 95% confidence limits 

5min 22''C 

3 PC 

35°C 

lOmin 22''C 

3PC 

35°C 

15min 22°C 

3PC 

SS-'C 

20min 22°C 

3PC 

35°C 

25min 22°C 

3PC 

35''C 

30min 22°C 

3PC 

35°C 
' 

child 
aduh 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

child 

adult 
child 

adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

20.3 
24.6 
19.8 
24.1 
17.8 
25.6 

19.7 
25.5 
19.6 
25.2 

19.3 
25.2 

20.9 
25.3 
17.3 
24.6 
20.0 
25.6 

206 
25.0 
18.2 
26.1 
20.3 
25.8 

21.4 

25.5 
18.7 

26.5 
20.2 
25.2 

20.1 
26.2 

19.3 
26.5 
20.2 

25.1 

1.7 
4.2 

2.8 
2.9 
2.8 
3.4 

2.3 
5.1 
4.4 
3.2 
3.2 
4,9 

2.5 
4.3 
1.7 
4.5 
47 
4.4 

2.7 
5.2 
1.6 
3.8 
3.2 
4.9 

3.4 

5.0 
2.1 
4.1 
3.7 
3.9 

2.9 
4.4 

2.5 
4.7 

3.6 

4.3 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 

7 
7 
7 
7 
7 

7 
7 

7 
7 

7 

7 

18.7 
20.7 
17.2 
21.3 
15.1 
22.5 

17.6 
20.8 
15.6 
22.2 

16.5 
20.7 

18.5 
21.3 
15.7 
20.5 
17.5 
21.6 

18.0 
20.2 
16.8 
22.6 
17.3 
21.2 

18.2 

20.9 
16.8 

22.7 
16.7 
21.6 

18.3 
22.1 

17.0 
22.1 

16.9 
21.2 

21.9 
28.6 
22.4 
26.8 
20.3 
28.7 

21.9 
30.2 
23.6 
28.1 
22.2 
29.7 

23.2 
29.3 
18.9 
28.7 
22.5 
29.6 

23.1 
29.8 
19.7 
29.6 
23.3 
30.3 

24.6 
30.1 
20.6 
30.4 
23.5 
28.8 

23.7 
30.3 

21.7 
30.8 

23.6 

29.0 
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APPENDIX A-7 

EAR CANAL TEMPERATURES ("C) 

Time 
5min 

lOmin 

15min 

20m in 

25min 

30min 

' 

Climate 
22''C 

3PC 

35°C 

22<'C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22<'C 

3PC 

35'"C 

22°C 

3PC 

35»C 

Females 
Status 

child 
aduh 
child 
aduh 
child 
adult 

child 
aduh 
child 
adult 
child 
adult 

child 
adult 
child 

adult 
child 
adult 

child 
adult 

child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 

adult 
child 
adult 
child 
adult 

Mean 
37.3 
37.0 
37.6 
36.9 
37.6 
37.2 

37.1 
37.1 

37.6 
37.0 
37.6 
37.3 

37.1 
37.1 
37.6 

37.1 
37.7 
37.4 

37.1 
37.1 
37.6 
37.1 
37.7 
37.5 

37.0 
37.1 
37.6 
37.1 
37.8 
37.5 

36.9 

37.1 
37.7 
37.1 
37.8 
37.5 

Std.dev. 
.31 
.49 
.42 
.37 

.31 

.10 

.36 

.56 

.43 

.21 

.35 

.14 

.37 

.46 

.39 

.26 

.34 

.14 

.42 

.51 

.37 

.32 

.32 

.21 

.45 

.44 

.35 

.42 

.35 

.21 

.47 

.43 

.28 

.43 

.30 

.29 

N 
7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 
6 

95% 
37.0 
36.5 
37.2 
36.5 
37.3 
37.1 

36.8 
36.5 
37.2 
36.8 
37.3 
37.2 

36.8 
36.6 
37.3 
36.8 
37.4 
37.2 

36.7 
36.7 
37.3 
36.8 
37.4 
37.2 

36.6 
36.6 
37.3 
36.7 
37.5 
37.2 

37.5 

36.6 
37.4 

36.7 
37.5 
37.2 

confidence limits 
37.6 
37.6 
38.0 
37.3 
37.8 
37.3 

37.5 
37.7 
38.0 
37.2 
38.0 
37.5 

37.4 
37.6 
38.0 
37.4 
38.0 
37.5 

37.5 
37.6 
38.0 
37.6 
38.0 
37.7 

37.4 
37.6 
38.0 
37.5 
38.1 
37.7 

37.4 

37.5 

37.9 
37.6 
38.1 

37.8 
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APPENDIX A-7 (contd.) 

EAR CANAL TEMPERATURES ("C) 

Time 
5mins 

lOmins 

15mins 

20mins 

25mins 

30mins 

' 

Climate 
22°C 

3 PC 

35''C 

22''C 

3PC 

35°C 

22°C 

3PC 

35''C 

22°C 

3PC 

35''C 

22°C 

3PC 

35''C 

22''C 

3PC 

35<'C 

Males 

Status 
child 
adult 
child 
aduh 
child 
adult 

child 
adult 
child 
aduh 

child 
adult 

child 
adult 
child 
adult 
ChUd 
adult 

child 
adult 
child 
adult 

child 
adult 

child 

adult 
child 

adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

Mean 
37.0 

36.5 
37.4 

36.9 
37.4 

37.1 

36.8 
36.4 
37.5 
37.0 
37.6 
37.2 

37.0 
36.4 
37.4 

37.0 
37.7 
37.3 

36.9 
36.5 
37.5 
37.1 

37.7 
37.3 

36.9 
36.4 
37.4 

37.1 
37.7 

37.3 

36.9 
36.3 
37.5 
37.1 
37.7 
37.3 

Std.dev. 
.52 

.58 

.23 

.53 

.36 

.32 

.44 

.32 

.25 

.51 

.29 

.40 

.50 

.34 

.25 

.45 

.19 

.37 

.47 

.40 

.25 

.40 

.22 

.36 

.50 

.39 

.25 

.25 

.22 

.36 

.54 

.35 

.37 

.37 

.26 

.38 

N 
7 
8 
7 
8 
7 
8 

7 
8 
7 
8 
7 
8 

7 
8 
7 
8 
7 
8 

7 
8 
7 
8 
7 
8 

7 
8 
7 
8 
7 
8 

7 
8 
7 
8 
7 
8 

95% 
36.5 

36.3 
37.2 
36.4 
37.1 

36.9 

36.4 
36.1 
37.3 
36.6 
37.3 
36.9 

36.5 
36.1 
37.2 
36.7 
37.5 
36.9 

36.5 
36.1 
37.2 
36.7 
37.5 
37.0 

36.5 
36.1 
37.2 

36.7 
37.5 

37.0 

36.4 
36.0 
37.2 
36.8 

37.5 

37.0 

confidence limit 
37.5 
36.7 
37.6 

37.3 
37.8 
37.4 

37.2 
35.7 
37.7 
37.4 
37.8 
37.6 

37.4 

36.7 
37.7 
37.4 
37.9 
37.6 

37.4 
36.8 
37.7 
37.4 

37.9 
37.6 

37.4 

36.7 
37.7 
37.4 
37.9 

37.6 

37.3 
36.1 
37.9 
37.4 

38.0 
37.6 
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APPENDIX A-8 

MEAN SKIN TEMPERATURE ("C) 

Time 
5min 

lOmin 

15min 

20min 

25m in 

30min 

' 

Climate 
220C 

3 PC 

35<'C 

22°C 

3PC 

35''C 

22°C 

3 PC 

35''C 

22°C 

3PC 

35°C 

22°C 

3PC 

35<'C 

22°C 

3 PC 

35°C 

Males 

Status 
child 
adult 
child 

adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 

adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

Mean 
27.8 

29.3 
33.5 
33.7 
34.9 
35.2 

27.4 
28.4 

33.9 
33.9 
35.2 
35.6 

27.2 
28.3 
34.0 
34.0 
35.3 
35.7 

27.0 
28.3 
34.1 
34.1 
35.5 
35.7 

27.0 

28.3 
34.2 

34.0 
35.5 
35.7 

27.1 
28.3 
34.3 
34.0 

35.5 
35.7 

Std.dev. 
1.2 

1.7 
.6 
.6 
.5 
.6 

1.2 
.9 
.9 
.5 
.3 
.4 

1.3 
1.1 
.8 
.6 
.3 
.4 

1.2 

1.3 
.7 
.7 
.2 
.4 

1.3 
1.2 
.8 
.7 
.2 
.6 

1.3 
1.0 
1.0 
.8 
.3 
.6 

N 
8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

8 
9 
8 
9 
8 
9 

95% confidence limits 
26.8 
28.0 
33.1 

33.0 
34.5 
34.7 

26.4 
27.7 
33.1 
33.0 
34.9 
35.2 

26.1 
27.4 
33.4 
33.5 
35.1 
35.4 

26.0 
27.2 
33.4 
33.5 
35.3 
35.4 

26.0 
27.3 
35.5 
33.4 
35.4 
35.2 

26.0 
27.5 
33.5 
33.4 

35.3 
35.2 

28.8 
30.5 
34.1 

33.9 
35.3 
35.7 

28.4 
29.1 
34.7 
33.9 
35.5 
36.0 

28.2 
29.2 
34.6 
34.5 
35.5 
36.0 

28.1 
29.3 
34.7 
34.6 
35.7 
36.0 

28.1 
29.2 
34.9 

34.6 
35.7 
36.1 

28.1 
29.1 

35.1 
34.6 

35.8 
36.1 
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APPENDIX A-8 (contd.) 

MEAN SKIN TEMPERATURE ("C) 

Time 
5min 

lOmin 

15min 

20min 

25min 

30min 

Climate 
220C 

3PC 

35°C 

22''C 

3 PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3 PC 

35°C 

22°C 

3PC 
^ 

35''C 

Females 
Status 

child 

adult 
child 
adult 
child 
adult 

child 
aduh 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

chUd 

adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

Mean 
29.0 
27.7 
33.8 
33.5 
35.1 

35.5 

28.5 
27.2 

34.0 
33.9 
35.2 
35.9 

28.5 
27.3 
34.0 
34.2 
35.3 
36.0 

28.3 
27.3 
34.0 
34.3 

35.5 
36.1 

28.5 
27.4 

34.0 
34.3 
35.5 
36.2 

28.6 
27.5 

34.0 
34.4 

35.5 
36.1 

Std.dev. 
.7 

.8 

.7 

.5 

.7 

.8 

.9 

.7 

.6 

.6 

.6 

.5 

.8 

.8 

.5 

.6 

.6 

.4 

.9 

.9 

.5 

.4 

.6 

.3 

.9 

.9 

.4 

.4 

.5 

.4 

.8 

.9 

.4 

.3 

.5 

.4 

N 
7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 

7 
7 

7 
7 
7 
7 
7 
7 

7 
7 

7 

7 

7 
7 

95% confidence hmits 
28.5 
27.0 
33.7 
33.0 
34.4 
34.8 

27.7 
26.6 
33.4 
33.3 
34.6 
35.4 

27.8 
26.5 
33.6 
33.6 
34.8 
35.6 

27.6 
26.5 
33.5 
33.9 

36.0 
35.8 

27.7 

26.6 
33.6 
34.0 
35.1 
35.8 

27.8 
26.6 

33.6 
34.1 

35.1 
35.8 

29.7 
28.5 
34.4 
33.9 
35.8 
36.2 

28.3 
27.9 
34.5 
34.4 

35.7 
36.3 

29.3 
28.0 
34.5 
34.7 
35.9 
36.4 

29.1 
28.1 
34.4 
34.7 
36.0 
36.4 

29.4 

28.2 
34.4 
34.7 
36.0 
36.5 

29.4 

28.3 
34.4 

34.7 

36.0 
36.4 
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APPENDIX A-9 

HEART RATE (b.min i) 

Time 
5min 

lOmin 

15min 

20m in 

25min 

30min 

Climate 
22°C 

3 PC 

35°C 

22°C 

3PC 

35°C 

2PC 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35<'C 

22''C 

3 PC 

35»C 

Females 

Status 
child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 

adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 

child 
adult 

child 
adult 
child 
adult 
child 
adult 

Mean 
130 
120 
138 
125 
HI 

127 

132 
122 

140 
126 
144 
132 

136 
124 
136 
128 
149 
134 

138 
123 
141 

132 
153 
137 

141 
122 

143 
134 

154 
139 

144 

124 
144 
136 
159 
139 

Std.dev 
8 

15 
8 

15 
15 
13 

7 
18 
12 
13 
13 
11 

8 
19 
8 

15 
11 
12 

8 
17 
9 

16 
13 

13 

8 
16 
10 
17 
14 

16 

10 

15 
12 

17 
13 
19 

N 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 

7 

7 

7 

7 

7 

95% confidence limits 
122 
105 
130 

110 
127 

115 

124 

107 
129 
113 
132 
121 

128 
107 
129 
114 

139 
123 

131 
108 
133 
117 
140 
125 

132 
107 
133 
118 
141 
124 

134 

111 

133 
119 
147 
121 

136 
134 
146 
139 
155 
139 

139 
137 
151 
138 
156 
142 

143 
142 
144 

142 
159 
145 

146 
139 
149 
147 
165 

150 

148 
137 
152 
150 

167 
154 

153 

138 
155 

151 
171 
156 
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APPENDIX A-9 (contd.) 

HEART RATE (b.min i) 

Time 
5min 

lOmin 

15min 

20m in 

25min 

30min 

Climate 
22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22<'C 

3 PC 

35°C 

22°C 

3PC 

35°C 

22''C 

3PC 

35''C 

Males 

Status 
child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 

child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

Mean 
127 
118 
143 
123 
146 

125 

136 
117 
142 
124 

150 
126 

139 
118 
141 
126 
153 
126 

140 
118 
145 

126 
158 

127 

139 
116 
148 
129 

160 
127 

140 
117 
153 
129 
165 
128 

Std.dev 
11 

10 
11 
7 

10 
11 

12 
7 

14 
9 

11 
13 

13 
7 
8 
8 

11 
14 

8 
9 
9 

10 
12 
14 

10 
9 

10 
10 

10 
13 

12 
7 

16 
11 
14 
13 

N 
7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

95% 
117 
110 
133 
118 
137 

116 

125 
112 
129 
117 
141 
116 

127 

113 
134 
119 
143 
115 

133 
111 
137 

119 
147 
117 

129 
109 

139 
122 

151 
117 

129 
112 

138 
120 

152 

117 

confidence limits 
138 
125 
154 
128 
156 
134 

147 
122 
155 
130 
160 
136 

151 
124 

148 
132 
163 
137 

148 
125 
153 
135 
169 

138 

148 
123 
157 
137 
169 
136 

151 
123 
167 
137 

177 

138 
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APPENDIX A-10 

PERCENTAGE HEART RATE MAXIMUM 

Time 
5m ins 

10m ins 

15mins 

20mins 

25min 

30mins 

climate 
22°C 

3PC 

35''C 

22°C 

3 PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3 PC 

35°C 

22°C 

3PC 

35''C 

Males 

status 
child 
adult 
child 

adult 
child 
adult 

child 
adult 
child 
aduh 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 

adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 

child 
adult 

child 
adult 
child 
adult 
child 
adult 

mean 
64.6 
60.8 
72.5 

63.7 
74.0 
64.7 

68.9 
60.7 

71.7 
64.1 

76.1 
65.1 

703 
61.2 
71.3 
65.1 
77.4 

65.0 

709 

60.9 
73.2 

65.6 
79.9 
65.8 

702 
60.1 
74.7 
66.9 

81.1 
65.4 

707 
607 
77.1 
66.6 
83.1 
65.9 

std.dev 
6.7 
5.2 
4.2 

3.0 
4.0 
4.7 

6.9 
2.6 
6.4 
3.8 
4.1 
5.5 

6.1 
2.5 
3.9 
3.9 
4.1 

6.1 

3.6 

3.5 
3.3 
4.5 
4.7 
6.0 

5.4 
3.4 

4.0 
4.3 

3.0 
5.5 

6.1 
2.7 
5.9 

4.6 
4.6 

5.6 

N 
7 
9 
7 

9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 

9 
7 
9 
7 
9 

7 
9 
7 
9 

7 
9 

7 
9 
7 

9 
7 

9 

95% 
58.4 

56.8 
68.6 
61.4 
70.3 
61.0 

62.5 
58.7 

65.8 
61.1 
72.2 
60.9 

64.6 
59.3 
67.7 
62.1 
73.6 
603 

67.6 
58.2 

701 
62.1 
75.6 
61.2 

65.2 
57.5 
71.0 
63.6 

78.3 
61.2 

65.1 
58.6 
71.7 

63.0 
78.9 

61.6 

confidence limits 
708 
64.9 
76.4 

66.0 
77.7 
68.3 

75.3 
62.7 
77.7 
67.0 
79.9 
69.3 

76.0 
63.1 
75.0 
68.0 
81.3 
69.8 

74.2 

63.6 
76.4 
69.1 
84.3 
704 

75.2 
62.8 
78.4 
70.3 

83.9 
69.6 

76.4 

62.8 
82.6 

70.1 
87.4 

70.2 
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APPENDIX A-10 (contd.) 

PERCENTAGE HEART RATE MAXIMUM 

Time 
5mins 

10m ins 

15mins 

20m ins 

25m ins 

30mins 

, 

climate 
22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3 PC 

35°C 

22°C 

3 PC 

35°C 

Females 

status 
child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

child 

adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 

child 
adult 

mean 
66.4 

63.3 
70.7 
65.9 
71.7 
67.2 

67.5 
64.6 
71.5 
66.5 
73.4 
69.7 

69.5 
65.9 
69.8 
67.7 
75.9 
71.0 

70.9 
65.3 
72.2 
69.7 
78.0 
72.6 

72.1 

64.8 

73.1 
709 
78.4 
73.4 

73.8 
65.8 
73.9 
71.7 
81.2 
73.4 

std.dev 
6.8 

8.5 
5.6 
7.7 
5.6 
6.1 

6.9 
8.9 
8.1 
6.5 
5.2 
4.9 

6.7 
9.7 
5.4 
7.1 
4.4 

4.7 

6.7 
8.6 
5.7 
7.7 
5.6 
5.8 

7.4 

8.6 
7.3 
7.9 
6.2 

7.0 

8.1 
7.8 
8.2 
8.1 
5.8 

8.8 

N 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

95% confidence hmits 
601 
55.5 
65.5 
58.8 
66.5 
61.5 

61.0 
56.3 
64.0 
60.5 
68.6 
65.2 

63.3 
56.9 
64.8 

61.1 
71.8 
66.7 

64.7 
57.4 
66.8 
62.6 
72.8 
67.2 

65.2 

56.9 
66.4 

63.6 
72.7 
66.9 

66.3 
58.6 
66.4 
64.2 

75.9 
65.2 

72.6 
71.2 
75.9 
73.1 
76.9 
72.9 

73.9 
72.9 
79.0 
72.5 

78.3 
74.3 

75.7 
74.8 
74.8 
74.3 
79.9 

75.3 

77.2 
73.3 
77.6 
76.8 
83.2 
78.0 

78.9 

72.7 
79.8 
78.2 
84.2 
79.8 

81.3 
73.0 

81.5 
79.1 
86.6 
81.5 
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APPENDK A-11 

Time 

5mins 

lOmins 

15m ins 

20m ins 

25m ins 

30mins 

' 

HEART RATE INDEX (% Heart rate max. 

climate 
22°C 

3PC 

35°C 

22°C 

3PC 

35"'C 

22°C 

3PC 

35<'C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

Males 
status 

child 
adult 
child 
adult 
child 
adult 

child 

adult 
child 
adult 
child 
adult 

child 
adult 

child 
adult 

child 
adult 

child 
adult 
child 

adult 
child 

adult 

child 
adult 
child 
adult 

child 
adult 

child 

adult 
child 

adult 
child 
adult 

mean 

1.30 
1.26 
1.53 
1.32 

1.48 
1.37 

1.39 

1.26 
1.51 
1.33 
1.52 
1.37 

1.42 
1.27 
1.51 
1.35 
1.55 
1.37 

1.43 
1.26 
1.55 
1.37 
1.60 
1.39 

1.42 
1.25 
1.58 
1.40 
1.62 

1.38 

1.43 

1.26 
1.63 

1.38 
1.66 
1.39 

std.dev 
.12 
.14 
.07 
.08 
.11 
.15 

.14 

.16 

.08 

.11 

.12 

.15 

.15 

.16 

.10 

.11 

.12 

.17 

.11 

.16 

.10 

.13 

.11 

.18 

.12 

.17 

.13 

.15 

.10 

.17 

.14 

.15 

.09 

.15 

.09 

.17 

N 

7 
9 
7 
9 
7 
9 

7 

9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 
7 
9 

7 
9 
7 
9 

7 
9 

7 

9 

7 

9 
7 
9 

% VO^max-i) 

95% 

1.19 
1.15 
1.46 
1.26 
1.38 
1.25 

1.26 

1.13 
1.44 
1.25 
1.41 
1.26 

1.28 
1.15 
1.41 

1.27 
1.44 
1.24 

1.33 
1.14 
1.45 
1.27 
1.49 
1.25 

1.31 
1.12 

1.45 
1.28 
1.52 
1.25 

1.30 
1.14 

1.54 

1.27 
1.58 
1.26 

confidence hmits 
1.41 
1.36 
1.59 
1.39 
1.58 
1.48 

1.51 
1.39 
1.58 
1.42 
1.63 
1.49 

1.56 
1.40 
1.60 
1.44 

1.65 
1.51 

1.53 
1.38 
1.64 

1.47 
1.70 
1.53 

1.53 
1.38 
1.70 
1.51 
1.71 
1.51 

1.55 

1.38 

1.70 

1.51 
1.74 

1.53 
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APPENDDCA-ll (contd.) 

Time 
5mins 

lOmins 

15m ins 

20mins 

25mins 

30mins 

HEART RATE INDEX 

climate 
22''C 

3PC 

35°C 

22°C 

3PC 

35°C 

( 22°C 

3PC 

35°C 

22°C 

3PC 

35°C 

22°C 

3 PC 

35°C 

22''C 

3PC 

35''C 

Female 

status 
child 
adult 
child 
adult 
child 

adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 

child 
adult 

child 
adult 
child 
adult 
child 
adult 

mean 
1.40 
1.22 

1.65 
1.25 
1.61 
1.28 

1.42 
1.24 
1.66 
1.26 
1.64 
1.33 

1.47 
1.27 
1.62 
1.29 
1.70 
1.35 

1.50 
1.26 
1.68 

1.33 
1.75 

1.38 

1.52 
1.25 
1.70 
1.35 

1.76 
1.40 

1.56 
1.27 
1.71 
1.36 
1.82 
1.40 

(% Heart rate max. 

std.dev 
.16 

.28 

.24 

.21 

.15 

.20 

.14 

.29 

.24 

.21 

.12 

.18 

.14 

.31 

.18 

.22 

.11 

.18 

.14 

.28 

.15 

.23 

.13 

.19 

.15 

.28 

.19 

.24 

.15 

.20 

.13 

.26 

.20 

.24 

.13 

.22 

N 
7 

7 
7 

7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 

7 
7 

7 
7 

7 
7 

7 

7 
7 
7 
7 

7 

% VO^max 

95% cor 
1.25 
0.96 
1.43 
1.06 
1.47 
1.09 

1.30 
0.97 
1.44 
1.07 
1.53 
1.16 

1.34 

0.98 
1.46 
1.08 
1.59 
1.19 

1.38 
1.00 
1.53 
1.11 
1.62 
1.21 

1.39 
0.99 
1.52 
1.13 
1.62 
1.22 

1.44 
1.02 
1.53 
1.14 

1.69 

1.19 

• ' ) 

ifidenc 
1.55 
1.48 
1.87 

1.45 
1.74 

1.47 

1.55 
1.51 
1.88 
1.46 
1.76 
1.50 

1.60 
1.56 
1.79 
1.49 
1.81 
1.52 

1.63 
1.52 
1.82 
1.54 
1.87 

1.56 

1.66 
1.51 
1.87 
1.57 
1.90 
1.58 

1.68 

1.51 
1.89 
1.59 
1.94 

1.61 
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APPENDIX B-1 

AIR TEMPERATURE- CONSTANT METABOLISM ("C) 

Time 
5mms 

lOmuis 

15mins 

20mins 

25mins 

30mins 

35mins 

40mins 

5mins 

lOmins 

15mins 

20mins 

25mins 

30muis 

35mins 

40mms 

Low Radiant 

Status 
adult 
ChUd 
adult 
ChUd 
adult 
ChUd 
adult 

ChUd 
adult 
child 
adult 

ChUd 
adult 
child 
adult 
child 

Mean 
30.9 

31.1 
31.1 
31.1 
31.1 
31.4 
31.5 

31.9 
31.7 
31.9 
31.7 

32.0 
31.9 
32.1 
32.1 
32.1 

High Radiant 
adult 
child 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 

ChUd 
adult 

child 
adult 
child 

30.8 
31.0 
31.2 

31.2 
31.8 
32.0 
32.6 
32.3 
33.1 

32.8 
33.4 

33.2 

33.9 

33.7 
34.2 
33.9 

Std.dev. 
.3 
.3 
.3 
.3 
.3 
.5 
.7 
.5 
.6 
.5 
.5 
.4 
.5 
.3 
.3 
.3 

.4 

.5 

.4 

.4 

.4 

.6 

.5 

.7 

.6 

.6 

.8 

.7 
1.0 
.7 

1.2 

.7 

N 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

95% 
30.6 

30.9 
30.8 
30.9 
30.8 
31.0 
31.0 

31.5 
31.2 
31.5 
31.3 

31.8 
31.6 
31.9 
31.8 
31.9 

30.4 
30.7 
30.9 
30.9 
31.6 
31.5 
32.2 
31.8 
32.6 

32.3 
32.8 
32.7 

33.1 
33.2 
33.3 
33.4 

confidence limits 
31.1 

31.3 
31.4 
31.3 
31.4 
31.8 
32.0 
32.3 
32.1 
32.3 
32.1 

32.3 
32.3 
32.3 
32.4 

32.3 

31.1 
31.3 
31.6 
31.5 
32.1 
32.4 
33.0 
32.8 
33.6 
33.2 
34.0 
33.6 
34.6 
34.3 
35.1 
34.4 
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APPENDIX B-2 

RELATIVE HUMIDITY - CONSTANT METABOLISM (%) 

Low Radiant 
Time 
5muis 

15mins 

25mms 

35mins 

5mins 

15mins 

25mins 

35mins 

Status 
adult 
chUd 
adult 
ChUd 
adult 

ChUd 
adult 

ChUd 

Mean 
77.7 
83.1 
73.9 
79.9 
69.0 
74.4 
69.2 
74.7 

High Radiant 

adult 
child 
adult 

child 
adult 
child 
adult 

child 

71.7 
82.3 
71.6 

71.5 
65.2 
72.6 
63.2 

68.6 

Std.dev. 
10.1 
9.9 

10.0 
3.9 

10.1 
4.0 
9.6 
2.2 

8.3 
13.4 
2.1 

8.0 
3.5 
3.2 
4.9 

2.7 

N 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 

95% 
69.3 
74.2 
65.5 
76.6 
60.5 
71.2 
61.2 

72.9 

64.9 
71.8 
69.8 

64.8 
62.3 
69.9 
59.1 

66.3 

confidence limits 
86.3 
91.4 
82.2 
83.2 
77.5 

77.5 
77.3 
76.6 

78.6 
93.5 
73.3 
78.2 
68.2 

75.3 
67.4 

70.9 
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APPENDK B.3 

AVERAGE METABOLISM - CONSTANT METABOLISM (W.) 

Low Radiant 
95% confidence limits 

589 724 
264 331 

Status Mean 
adult 656 
chUd 297 

High Radiant 

adult 667 
chfld 294 

Std.dev. 
88 
47 

70 
41 

RELATIVE HEAT PRODUCTION - ( 

Low Radiant 

adult 7.3 
child 7.1 

High Radiant 
adult 7.4 
chfld 7.2 

1.2 
1.3 

1.0 
1.0 

N 
9 

10 

9 
10 

:oNS 

9 
10 

9 
10 

613 
264 

721 
323 

CONSTANT METABOLISM (W.kg.^) 

6.4 
6.4 

6.6 
6.5 

8.2 
8.3 

8.3 
7.9 

PERCENTAGE OXYGEN UPTAKE - CONSTANT METABOLISM 

Low Radiant 
adult 
child 

adult 
child 

50.1 
46.7 

High Radiant 

51.0 
46.1 

2.6 
6.2 

3.4 
4.0 

9 
10 

9 
10 

48.1 
42.2 

48.4 
47.2 

52.1 
51.1 

53.7 
49.6 

METABOLIC EFFICIENCY - CONSTANT METABOLISM (%) 

Low Radiant 
adult 
ChUd 

adult 
chUd 

18.4 

12.1 

High Radiant 

18.1 
12.1 

1.7 
1.6 

1.8 
1.5 

9 
10 

9 
10 

17.1 
11.0 

16.6 
11.1 

19.7 
13.2 

19.5 
13.3 
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APPENDIX B-4 

RELATIVE SWEAT RATE - CONSTANT METABOLISM (g.hr ».kg.̂ ) 

Status 
adult 
chUd 

adult 
child 

Low Radiant 
Mean 

9.4 
8.9 

High Radiant 

11.4 
10.6 

Std.dev. 
2.2 
1.7 

3.4 
1.5 

N 
9 

10 

9 
10 

95% 
7.7 
7.7 

8.8 
9.5 

confidence limits 
11.1 
10.2 

14.0 
11.7 

SWEAT HEAT LOSS INDEX - CONSTANT METABOLISM (g.hr .̂W.») 

Low Radiant 
adult 1.30 .29 9 1.07 1.51 
ChUd 1.22 .16 10 1.11 1.33 

adult 
child 

High Radiant 
1.54 
1.48 

.43 

.13 
9 

10 
1.21 
1.38 

1.88 
1.57 
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Time 
5mins 

lOmuis 

ISmins 

20mins 

25mins 

30mins 

35mins 

40m ins 

5mins 

lOmins 

ISmins 

20m ins 

25mins 

30muis 

35mms 

40mins 

APPENDIX B-5 

OXYGEN UPTAKE - CONSTANT METABOLISM (ml.kg^ 

Low Radiant 

Status 
adult 
chUd 
adult 

chUd 
adult 
ChUd 
adult 
ChUd 
adult 
ChUd 
adult 
child 
adult 

ChUd 
adult 
child 

High Radiant 
adult 
chfld 
adult 
child 

adult 
chfld 
adult 
child 
adult 
chfld 

adult 
ChUd 

adult 

ChUd 
adult 
child 

Mean 
24.9 
25.4 

25.8 

25.5 
26.1 
23.6 
26.8 
23.4 

26.8 
24.5 
26.8 

23.9 
26.7 

24.7 
26.4 
25.0 

25.0 
25.0 
26.0 
23.6 

27.2 
22.3 
27.5 
23.8 
26.5 
23.7 

26.9 
24.3 
27.4 

24.6 
27.4 
25.6 

Std.dev. 

4.0 
4.1 

4.9 

4.9 
4.7 
5.1 
5.2 
6.0 
4.8 
4.4 
4.8 
4.7 
5.2 

4.5 
4.6 
4.4 

4.0 
4.3 

4.3 
3.9 

4.7 
3.0 
4.4 
3.1 
4.1 
4.1 

4.3 
3.4 
4.2 

3.0 
4.2 
4.3 

N 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 

.min"^) 

95% confidence limits 
21.8 
22.4 

22.0 

21.9 
22.5 
19.9 
22.9 
19.2 
23.2 
21.4 

23.1 
20.5 
22.8 
21.4 
22.9 
21.9 

21.9 
21.9 
22.8 
20.8 
23.6 
20.1 
24.1 
21.5 
23.4 
20.7 

23.6 
21.9 
24.2 
22.4 

24.2 
22.5 

27.9 
28.4 

29.5 

28.9 
29.7 
27.3 
30.8 
27.7 
30.5 
27.6 
30.6 
27.2 
30.7 

27.9 
30.0 
28.2 

28.1 
28.1 
29.3 
26.4 

30.7 
24.5 
30.9 
26.1 
29.7 

26.6 
30.2 
26.8 

30.7 
26.7 

30.7 
28.7 
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Time 

5mins 

lOmins 

15mins 
" 

20mins 

25mins 

30mins 

35mins 

40mins 

5mins 

lOmins 

15mins 

20muis 

25mins 

30mins 

35mins 

40mins 

HEART RATE -

Low Radiant 

Status 
adult 
chUd 
adult 
chUd 
adult 
chUd 
adult 

chUd 
adult 
child 
adult 
child 
adult 
child 
adult 
child 

APPENDIX B-6 

CONSTANT METABOLISM (b. 

Mean Std.dev. 
112 

138 
117 
141 
119 
140 
120 
141 

123 
145 
124 

145 
123 
145 
124 
149 

High Radiant 

adult 
ChUd 

adult 
child 
adult 
child 
adult 
child 

adult 
diUd 

adult 
chUd 

adult 
ChUd 
adult 
child 

110 
130 

115 
135 
120 
136 
123 
141 
124 

148 
127 

149 

130 
150 
132 
155 

8 
14 

7 

15 
8 

13 
7 

11 
8 

13 
8 

14 

7 
14 
6 

13 

8 
11 

7 
12 
9 

11 

9 
12 
9 

14 

9 

15 

10 
15 
11 
15 

N 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 

9 
10 
9 

10 
9 

10 
9 

10 

9 

10 

9 
10 
9 

10 

95% 
106 

128 
111 

131 
113 
131 
115 

133 
117 
136 
118 

135 
118 
139 
119 
140 

103 
122 

110 
125 
113 
128 
116 
132 
117 
138 

120 
138 

122 
139 
124 
144 

min**) 

confidence limits 
118 

148 
122 
152 
125 
150 
126 
149 
129 
154 
131 
155 

131 
157 
129 
158 

116 
139 

121 
144 
126 
144 

130 
150 
130 
158 
134 

160 

137 
161 
141 
166 
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APPENDIX B-7 

PERCENTAGE HEART RATE MAXIMUM - CONSTANT METABOLISM 

Time 
5mm 

lOmins 

15muis 

20muis 

25min 

30mins 

35mins 

40mhis 

5mins 

lOmins 

15mins 

20m ins 

25mins 

30m ins 

35mins 

40mins 

Low Radiant 

Status 
adult 
ChUd 
adult 
chfld 
adult 

chfld 
adult 
chfld 

adult 

chfld 
adult 
chfld 
adult 
chfld 
adult 

chfld 

Mean 
59.5 
68.9 
62.0 
70.7 
63.3 
70.2 
63.9 

70.7 
65.5 

72.5 
66.2 

72.5 
65.5 
74.3 
65.9 
74.6 

High Radiant 

adult 
child 
adult 
child 
adult 
child 
adult 
child 

adult 
chUd 

adult 
ChUd 
adult 
ChUd 
adult 
chfld 

58.3 
65.4 

61.5 
67.4 
63.6 
68.1 
65.5 
70.7 

65.8 
73.9 

67.7 
74.7 
69.2 
75.2 
70.5 
77.5 

Std.dev. 
3.8 
5.2 
3.8 
5.6 
3.9 
5.0 
4.1 
5.4 

3.8 

5.5 
3.9 
6.1 
3.9 
5.6 
3.5 
5.2 

4.5 
4.9 
3.7 
4.0 
4.7 
4.6 
4.9 
4.1 

4.9 
4.4 

5.1 
4.7 

5.7 
5.2 
6.2 
4.5 

N 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

95% 
56.5 
65.1 
59.1 
66.7 
60.3 
66.6 
60.8 
66.9 
62.6 
68.6 
63.2 

68.1 
62.6 
70.3 
63.2 
70.9 

54.3 
61.8 
58.7 
64.5 
60.1 
64.8 
61.7 
67.8 
62.0 
70.7 

63.8 
71.3 
64.8 
71.5 
65.8 
74.2 

confidence limits 
62.5 
72.6 
64.9 
74.7 
66.4 
73.8 
67.1 

74.5 
68.4 
76.4 
69.2 
76.9 
68.5 
78.3 
68.6 
78.3 

61.8 
68.0 
64.3 
70.2 
67.3 
71.3 
69.3 
73.6 
69.6 
77.1 

71.7 
78.0 
73.6 
79.0 
75.2 
78.9 
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Time 
5muis 

lOmins 

ISmms 

20muis 

25mins 

30m ins 

35mins 

40mins 

5mins 

lOmins 

15mins 

20mins 

25mins 

30mins 

35mms 

40mms 

APPENDIX B-8 

HEART RATE INDEX CONSTANT METABOLISM 

(% Heart rate max. 

Low Radiant 

Status 
adult 
chfld 
adult 
chfld 
adult 

child 
adult 
chfld 
adult 
child 
adult 

child 
adult 
chfld 
adult 

chfld 

Mean 
1.25 

1.43 
1.27 
1.49 
1.28 

1.61 
1.25 
1.65 
1.29 
1.58 
1.30 

1.63 
1.30 
1.60 
1.32 

1.58 

High Radiant 

adult 
child 

adult 
child 
adult 
child 

adult 
chUd 
adult 
chUd 
adult 
chfld 

adult 
chfld 

adult 
child 

1.23 
1.39 
1.25 
1.51 
1.24 
1.62 

1.25 
1.56 
1.30 
1.66 
1.33 
1.62 

1.33 
1.61 

1.35 
1.61 

Std.dev. 
.07 

.19 

.08 

.25 

.11 

.30 

.04 

.32 

.12 

.23 

.12 

.28 

.14 

.18 

.14 

.19 

.15 

.22 

.12 

.21 

.11 

.23 

.10 

.16 

.11 

.16 

.13 

.16 

.15 

.19 

.15 

.20 

% VO^max 

N 
9 

10 
9 

10 
9 

10 
9 

19 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 
0 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 

9 
10 

') 

95% confidence limits 
1.20 

1.30 
1.21 

1.31 
1.19 
1.39 
1.22 
1.42 
1.19 
1.41 
1.21 

1.43 
1.19 
1.47 
1.21 
1.44 

1.12 
1.24 

1.15 
1.36 

1.15 
1.45 
1.17 

1.45 
1.22 
1.54 

1.22 
1.50 
1.21 
1.48 
1.24 

1.47 

1.32 

1.58 
1.33 
1.66 
1.36 
1.82 
1.29 
1.88 
1.38 
1.74 
1.40 
1.82 
1.41 

1.73 
1.42 
1.72 

1.35 
1.55 
1.34 
1.67 
1.32 

1.78 

1.33 
1.68 
1.39 
1.77 
1.43 
1.73 
1.44 

1.75 
1.47 
1.75 
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APPENDIX B-9 

MEAN SKIN TEMPERATURE-NOT EXPOSED TO RADIANT HEAT. 

CONSTANT METABOLISM (°C) 

Low Radiant 

Time 
Smins 

lOmins 

ISmins 

TOmins 

25muis 

30mins 

35mins 

40mins 

Smins 

lOmins 

ISmins 

20muis 

25mhis 

30muis 

3Smins 

40mins 

Status 
adult 

chfld 
adult 

chfld 
adult 
chfld 
adult 

child 
adult 

child 
adult 

chfld 
adult 

child 
adult 
child 

High 

adult 

child 
adult 

child 
adult 

chfld 
adult 

chfld 
adult 

child 
adult 

child 
adult 
child 
adult 
chfld 

Mean 
32.9 

34.0 
32.9 
33.7 
32.9 
34.1 
32.9 
34.1 

33.0 
34.1 
33.0 
34.1 
33.2 
34.1 
33.1 
34.2 

Radiant 

33.1 
33.6 
32.8 

33.5 
33.4 

34.0 
33.5 
34.1 
33.7 

34.2 
33.7 

34.3 
33.8 
34.4 
33.9 
34.4 

Std.dev. 
.6 
.6 
.6 
.6 
.6 
.7 
.7 
.8 
.6 
.8 
.7 
.8 
.8 
.8 
.8 
.8 

.7 

.6 

.6 

.6 

.6 

.7 

.6 

.8 

.7 

.6 

.6 

.6 

.7 

.7 

.9 

.8 

N 
9 

10 
9 

10 
10 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

95% 
32.4 

33.6 
32.5 

33.3 
32.4 
33.6 
32.4 

33.5 
32.5 
33.5 
32.5 

33.5 
32.6 
33.5 
32.4 
33.6 

32.6 
33.2 

32.3 
33.1 
32.9 
33.4 
33.0 
33.5 
33.1 
33.8 
33.3 

33.8 
33.2 

33.9 
33.2 

33.8 

confidence limits 
33.3 

34.5 
33.4 

34.2 
33.4 

34.6 
33.5 
34.7 
33.5 
34.8 
33.6 

34.8 
33.8 
34.6 
33.8 
34.8 

33.7 
34.0 
33.3 

34.0 
33.9 
34.5 
33.9 
34.7 
34.2 

34.6 
34.2 

34.7 

34.3 

34.9 
34.6 
34.9 
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APPENDIX B-10 

MEAN SKIN TEMPERATURE -EXPOSED TO RADIANT HEAT. 

CONSTANT METABOLISM (°C) 

Low Radiant 
Time 

5mms 

lOmins 

ISmins 

20mins 

25muis 

30mins 

35mins 

40m ins 

Smins 

lOmins 

ISmins 

20mins 

25mins 

30muis 

35muis 

40mins 

Status 
adult 
chfld 
adult 
chfld 

adult 
chfld 
adult 
chfld 
adult 
child 

adult 
child 
adult 
child 
adult 
chfld 

High) 

adult 

child 

adult 
child 
adult 
child 
adult 
chfld 

adult 
child 

adult 

chfld 

adult 
chfld 

adult 

Mean 
32.1 
33.9 
32.1 
33.8 
33.8 
35.6 
33.9 
35.8 
34.2 

35.8 

34.3 
35.7 
34.3 
35.8 
34.4 
35.7 

Radiant 

32.3 
33.9 

31.7 
33.4 

36.7 
38.4 

37.3 
39.0 
37.5 
39.0 

37.7 

39.1 

37.7 

39.1 
37.8 

chfld 38.9 

.dev. 
.6 
.4 

.5 

.6 

.5 

.8 

.7 

.7 

.6 

.8 

.6 

.7 

.6 

.8 

.6 

.8 

l.O 
.4 

.8 

.4 

.7 

.5 

.7 

.5 

.7 

.5 

.7 

.6 

.7 

.5 

.7 

.5 

N 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 

9 
10 
9 

10 
9 

10 
9 

10 

9 

10 

9 
10 
9 

10 

95% 

31.6 
33.6 
31.7 
33.4 
33.4 
35.0 
33.4 

35.3 
33.7 
35.3 
33.9 
35.2 
33.8 
35.2 
33.9 
35.2 

31.5 
33.6 

31.0 
33.1 
36.2 
38.0 
36.7 
38.6 
36.9 
38.6 

37.1 
38.6 

37.1 
38.7 
37.2 
38.5 

confidence limits 
32.6 
34.2 
32.5 
34.2 
34.2 
36.1 
34.5 
36.3 
34.7 
36.4 

34.7 
36.2 
34.8 
36.4 
34.9 
36.3 

33.1 
34.1 

32.4 
33.7 
37.3 
38.7 
37.8 
39.4 

38.0 
39.4 

38.1 
39.5 

38.2 
39.4 

38.3 
39.3 
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APPENDIX B-11 

CORE TEMPERATURE - CONSTANT METABOLISM CO 

Time 
Smins 

lOmins 

ISmms 

20mms 

25mins 

30mins 

35mins 

40mins 

Smins 

lOmins 

ISmins 

20mins 

2Smins 

3Qmhis 

3Smins 

40mins 

Low Radiant 

Status 
adult 
chfld 
adult 
chfld 
adult 
chfld 
adult 
chfld 
adult 

child 
adult 
child 
adult 
child 
adult 
child 

High Radiant 

adult 

child 
adult 
child 
adult 
chfld 
adult 
child 
adult 
chfld 
adult 

chfld 
adult 
chfld 
adult 

chfld 

Mean 
37.2 

37.5 
37.2 

37.6 
37.3 
37.6 
37.3 
37.5 
37.2 

37.5 
37.2 

37.5 
37.2 
37.5 
37.3 
37.5 

37.1 
37.4 
37.2 
37.5 
37.2 
37.5 
37.2 

37.5 
37.3 

37.5 
37.3 
37.6 
37.3 
37.6 
37.4 

37.6 

Std.dev. 
.4 
.3 
.5 
.4 
.5 
.3 
.5 
.3 
.5 
.3 
.5 
.3 
.5 
.3 
.5 
.3 

.2 

.3 

.2 

.3 

.2 

.3 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

N 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

9 
10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 
9 

10 

95% 
36.9 

37.3 
36.9 
37.3 
36.9 
37.3 
36.9 
37.3 
36.8 
37.2 
36.9 
37.2 
36.9 
37.3 
36.9 
37.3 

36.9 
37.2 
37.0 
37.3 
37.1 
37.3 
37.1 
37.4 

37.1 

37.3 
37.1 
37.4 
37.1 
37.4 
37.1 
37.4 

confidence limits 
37.5 

37.7 
37.6 
37.8 
37.6 
37.8 
37.6 
37.8 
37.6 
37.7 
37.6 
37.7 
37.6 
37.7 
37.6 
37.7 

37.3 
37.6 
37.3 
37.7 
37.3 
37.7 
37.4 

37.7 
37.4 

37.7 
37.5 
37.8 
37.6 
37.8 
37.6 
37.8 
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APPENDIX B-12 

AIR TEMPERATURE - INCREASING METABOLISM CO 

Low Radiant 
Time 
Smins 

lOmins 

ISmins 

• 

20muis 

2Smins 

30mins 

Smins 

lOmins 

ISmins 

20mins 

2Smins 

30mins 

Status 
adult 
chfld 
adult 
chfld 
adult 
chfld 
adult 
chfld 

adult 
child 

adult 
child 

High Radiant 

adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 
child 

adult 
child 

Mean 
31.0 
31.0 
31.4 
31.6 
31.8 
31.9 
32.0 
32.1 

32.1 
32.2 
32.1 
32.2 

31.1 
31.0 
31.8 
32.1 
32.4 

32.9 
33.1 
33.2 
33.5 
33.5 

33.6 
33.6 

RELATIVE HUMIDITY -

Smins 

ISmins 

2Smins 

Smins 

ISmins 

2Smhis 

Low Radiant 

adult 
child 
adult 
child 

adult 
chfld 

High Radiant 

adult 
child 
adult 
child 
adult 
chfld 

74.1 
89.9 
71.4 
80.4 

70.3 
73.6 

67.1 
74.6 

67.9 
72.7 
65.2 
70.9 

Std.dev. 
.5 
.0 
.5 
.5 
.5 
.3 
.7 
.3 
.6 
.4 
.6 
.4 

.3 

.0 

.7 

.6 

.6 

.6 

.5 

.8 

.6 

.7 

.7 

.8 

N 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 

95% confidence limits 
30.7 
31.0 
31.0 
31.2 
31.5 
31.7 
31.5 
31.9 

31.7 
31.9 
31.7 
31.9 

30.9 
31.0 
31.3 
31.7 
32.0 

32.5 
32.7 
32.7 
33.1 
33.0 
33.2 
33.1 

INCREASING METABOLISM (%) 

5.9 
9.6 
3.6 
6.4 

4.2 
4.4 

6.0 
6.6 

5.9 
4.9 
3.8 
4.5 

9 
10 
9 

10 
9 

10 

9 
10 

9 
10 

9 
10 

69.6 
83.1 
68.7 
75.8 
67.1 
70.4 

63.4 

69.8 

63.4 

69.2 

62.3 
67.7 

31.3 
31.0 
31.8 
32.0 
32.2 
32.1 

32.5 
32.2 

32.6 
32.5 
32.6 
32.5 

31.3 
31.0 
32.3 
32.5 
32.9 

33.3 
33.5 
33.7 
34.0 
34.0 
34.1 
34.2 

78.6 
96.7 
74.2 
85.0 
75.6 
76.8 

72.4 
79.4 

72.4 

76.2 

68.1 
74.1 
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APPENDIX B-13 

AVERAGE METABOLISM - INCREASING METABOLISM (w.) 

Low Radiant 
Time 
5-lOm 

15-20m 

2S-30m 

S-lOm 

lS-20m 

25-30m 

Status 
adult 
chfld 
adult 
chfld 
adult 
chfld 

High Radiant 

adult 
child 
adult 
child 
adult 
child 

Mean 
488 
232 
636 
281 
816 
377 

502 
247 
642 
330 
852 
410 

Std.dev. 
68 
33 
84 
40 
89 
65 

43 
60 
71 
66 
90 
80 

PERCENTAGE MAXIMUM OXYGEN UPTAKE 

5-lOm 

15-20m 

25-30m 

5-lOm 

15-20m 

2S-30m 

Low Radiant 

adult 
child 
adult 
child 
adult 
child 

High Radiant 

adult 
child 
adult 
chfld 
adult 
chfld 

38.2 
36.4 
49.7 
44.1 
63.8 
58.9 

39.3 
38.2 
50.2 
51.3 
66.6 
63.8 

3.5 
3.7 
3.9 
4.7 
3.1 
6.1 

2.9 
5.5 
3.0 
5.7 
4.5 
6.4 

N 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

95% 
440 
208 
576 
253 
752 
330 

471 
204 
591 
283 
787 
353 

. INCREASING 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

35.7 
33.8 
47.0 
41.0 
61.6 
54.5 

37.3 
34.2 
48.1 
47.2 
64.1 
59.2 

confidence limits 
537 
256 
697 
310 
880 
424 

533 
291 
693 
377 
916 
468 

METABOLISIS 

40.6 
39.0 
52.5 
47.5 
66.0 
63.2 

41.5 
42.2 
52.4 
55.4 
69.1 
68.4 
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APPENDIX B-13 (contd.) 

METABOLIC EFFICIENCY - INCREASING METABOLISM (%) 

Time 
S-lOm 

15-20m 

2S-30m 

5-lOm 

lS-20m 

25-30m 

Low Radiant 
Status 

adult 
chfld 
adult 
chfld 
adult 
chfld 

High Radiant 

adult 
child 
adult 
child 
adult 
child 

16.7 
9.6 

18.4 
13.2 
19.6 
13.9 

16.3 
8.9 

18.2 
11.5 
18.9 
13.0 

Mean Std.dev. 
2.3 
2.6 
1.9 
1.5 
1.9 
.7 

2.9 
1.9 
2.2 
1.0 
2.2 
1.2 

N 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

95% < 
15.1 
7.7 

17.0 
12.2 
18.2 
13.4 

14.2 
7.5 

16.6 
10.8 
17.3 
12.1 

95% confidence limits 
18.4 
11.5 
19.8 
14.3 
21.0 
14.4 

18.5 
10.2 
19.8 
12.2 
20.5 
13.9 

RELATIVE HEAT PRODUCTION - INCREASING METABOLISM (W.kg )̂ 

Low Radiant 
S-lOm 

lS-20m 

25-30m 

5-lOm 

lS-20m 

2S-3Qm 

adult 
child 
adult 
child 
adult 
child 

igh Radiant 

adult 
chfld 
adult 
child 
adult 
chfld 

5.6 
5.8 
7.1 
6.8 
9.0 
9.0 

5.7 
6.2 
7.2 
8.1 
9.5 
9.9 

1.0 
.5 

1.2 
.9 

1.2 
1.2 

.6 
1.0 
1.0 
1.2 
1.3 
.4 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

4.9 
5.5 
6.3 
6.2 
8.1 
8.1 

5.3 
5.4 
6.5 
7.2 
8.5 
8.8 

6.3 
6.1 
8.0 
7.4 
9.9 
9.9 

6.2 
6.9 
7.9 
8.9 

10.4 
10.9 
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APPENDIX B-14 

RELATIVE SWEAT RATE (g.hrKkgK) 

High Radiant 
adult 
chfld 

adult 
chfld 

12.2 
13.2 

Low Radiant 
10.7 
10.5 

2.4 
2.0 

1.7 
2.9 

10 
10 

10 
10 

10.4 
11.7 

9.5 
8.5 

14.0 
14.6 

11.9 
12.6 

SWEAT HEAT LOSS INDEX (g.hr ̂ .W») 

High Radiant 
adult 
child 

adult 
child 

1.34 
1.47 

Low Radiant 

1.21 
1.27 

.20 

.28 

.13 

.23 

10 
10 

10 
10 

1.19 
1.27 

1.12 
1.10 

1.48 
1.67 

1.30 
1.43 
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APPENDIX B-15 

OXYGEN UPTAKE - INCREASING METABOLISM (ml.kg ^min^.) 

Time 
Smins 

lOmms 

ISmms 

20muis 

2Smins 

30mins 

Smins 

lOmins 

ISmins 

20mins 

2Smuis 

30muis 

Low Radiant 

Status 
adults 
chfld 
achflts 
chfld 
achflts 
chfld 
adults 

chfld 

adult 
chfld 
adults 
chfld 

High Radiant 

adults 
chfld 
adults 

child 
adults 
child 
adults 
chfld 
adults 
child 
adults 
child 

Mean 

19.7 
19.5 
19.9 
18.4 

2S.7 
22.4 

25.9 
23.7 

32.6 
30.7 
33.3 
30.9 

19.9 
19.6 

20.6 
20.3 
25.2 
26.6 
26.8 
27.1 
34.1 
32.7 

34.8 
34.1 

Std.dev. 

3.8 
1.3 
3.8 
2.9 

4.9 
3.4 
4.4 
3.0 

4.8 
4.7 
4.5 
4.2 

2.4 
3.7 
2.8 

3.5 
4.2 
4.3 
3.9 
4.0 
5.3 
4.7 
5.0 
5.2 

N 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

95% 
16.9 
18.6 
17.2 
16.4 

22.3 
19.9 
22.7 
21.5 
29.2 
27.3 
30.1 
27.8 

18.2 
16.9 

18.7 
17.9 
22.2 
23.5 
23.9 
24.2 
30.4 

29.3 
31.2 
30.3 

confidence limits 
22.4 
20.4 
22.7 
20.5 
29.2 
24.9 
29.1 
25.9 

36.1 
34.1 
36.6 
33.9 

21.6 
22.3 
22.6 
22.8 
28.2 
29.6 
29.6 
29.9 
37.9 
36.1 
38.3 
37.8 
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APPENDK B-16 

HEART RATE - INCREASING METABOLISM (b.min») 

Time 
Smins 

IQmins 

ISmms 

20mins 

2Smins 

30m ins 

Smins 

lOmins 

ISmins 

20mins 

25mins 

30mins 

Low Radiant 

Status 
adult 
chfld 
adult 
child 
adult 

chfld 
adult 
chfld 
adult 
chfld 
adult 

child 

High Radiant 
adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 

child 

Mean 
102 
122 
105 
125 
120 

140 
124 
144 
142 
161 
146 

166 

103 
122 
107 
128 
120 
147 
125 
151 
144 

169 
150 

176 

Std.dev. 
7 
4 
7 
7 
8 
9 

8 
10 
7 

15 
8 

17 

7 
12 
7 

12 
12 
14 
15 

15 
13 
16 
12 

16 

N 
10 

10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

95% ( 
97 

118 
100 
121 
114 

133 
118 
137 
137 
151 
140 
154 

98 
114 
101 
119 
111 
137 
114 

150 
135 
158 
142 
164 

»nfiden 
107 
125 
111 

130 
126 
146 
130 
152 
147 
172 
152 

178 

108 

131 
112 
136 
128 
157 
135 
162 
153 
181 
159 

187 
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APPENDIX B-17 

PERCENTAGE MAXIMUM HEART RATE - INCREASING METABOLISM 

Low Radiant 
Time Status Mean Std.dev. N 95% confidence limits 

Smins 

lOmms 

ISmms 

20mins 

2Smins 

30mins 

Smins 

lOmins 

ISmins 

20mins 

25mins 

30mins 

adult 
chfld 
adult 

chfld 
adult 
chfld 
adult 
child 
adult 

child 
adult 

chfld 

High Radiant 
adult 
chfld 
adult 
child 
adult 
child 
adult 

chfld 

adult 
child 
adult 
child 

54.0 

61.0 
56.1 

62.9 
63.8 
70.1 
65.9 
72.3 
75.5 
80.7 
77.8 

82.9 

54.9 
61.1 
56.8 
64.0 
63.7 
73.5 

66.3 
75.7 

76.8 
84.8 
80.1 
88.1 

3.0 
3.0 
3.4 

3.2 
4.1 
4.3 
4.0 
3.8 
4.0 
4.6 
4.3 
4.8 

3.8 
4.9 
3.9 
4.9 

6.7 
4.8 

8.1 
5.0 

7.3 
5.3 
6.9 
5.4 

10 

10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 

51.9 
58.9 
53.7 

60.6 
60.9 
67.0 
63.0 
69.6 
72.6 
77.4 
74.7 
79.5 

52.1 
57.6 
54.0 
60.5 
58.9 
70.1 
60.5 
72.1 

71.6 
81.0 
75.2 
84.2 

56.2 
63.2 

S8.S 
65.2 
66.8 
73.2 
68.8 
75.0 
78.3 
84.0 
80.8 

86.3 

57.6 
64.7 
59.5 
67.5 
68.6 
76.9 
72.2 

79.3 
82.1 
88.5 
85.1 
92.0 
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APPENDIX B-18 

HEART RATE INDEX 

Time 
Smins 

lOmins 

ISmins 

20mins 

2Smins 

30mins 

Smins 

lOmins 

ISmins 

20mins 

2Smins 

30m ins 

Low Radiant 

Status 
adult 
ctuld 

adult 
chfld 
adult 
chfld 
adult 
chfld 
adult 
chfld 
adult 
child 

High Radiant 

adult 
chfld 
adult 
child 
adult 
child 

adult 
child 
adult 
child 
adult 
child 

- INCREASING METABOLISM (%hr 

Mean 
1.43 
1.64 
1.47 
1.81 
1.30 
1.65 
1.32 
1.60 

1.20 
1.38 
1.21 
1.41 

1.42 
1.67 

1.43 
1.68 

1.31 
1.46 

1.28 
1.47 
1.17 
1.37 
1.19 
1.37 

Std.dev. 
.15 

.19 

.16 

.26 

.11 

.16 

.09 

.14 

.09 

.13 

.09 

.10 

.13 

.32 

.18 

.25 

.10 

.14 

.12 

.15 

.10 

.15 

.11 

.13 

N 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

95% 
1.32 

1.51 
1.36 
1.63 
1.21 
1.53 
1.26 
1.51 
1.14 
1.29 
1.14 
1.34 

1.33 
1.44 

1.30 
1.50 

1.23 
1.36 

1.20 
1.37 
1.09 
1.26 
1.12 
1.27 

max. %V02max^) 

confidence limits 

1.55 
1.78 

1.59 
2.00 
1.38 
1.77 
1.38 
1.70 
1.26 
1.48 
1.27 
1.49 

1.52 
1.90 
1.56 
1.86 
1.38 
1.57 

1.37 
1.58 
1.24 
1.48 
1.27 
1.46 
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APPENDIX B-19 

SKIN TEMPERATURE - NON RADIANT. INCREASING METABOLISM (°C) 

Time 
Smuis 

lOmins 

ISmhis 

20 mins 

25 mins 

30 mins 

Smins 

lOmins 

15 mins 

20 mins 

25 mins 

30 mins 

Low Radiant 

Status 
achflts 
chfld 
adults 
chfld 
adults 

chfld 
adults 

chfld 
adults 

child 
adults 
child 

High Radiant 

adults 
child 
adults 
child 

adults 

child 
adults 
child 
adults 
child 
adults 

child 

Mean 
33.8 
34.0 
33.3 
33.9 
33.2 

33.8 
33.3 
33.9 
33.2 

33.9 
33.3 
33.9 

33.6 

34.3 
33.5 
34.2 
33.4 

34.3 
33.4 

34.2 
33.5 

34.3 
33.4 

34.5 

Std.dev. 
.6 
.5 
.6 
.5 
.7 
.6 
.6 
.6 
.7 
.6 
.6 
.5 

.9 

.5 

.9 

.5 
1.1 
.6 

1.0 
.7 
.9 
.8 
.9 
.7 

N 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

95% 
33.3 
33.7 
32.8 
33.7 
32.7 
33.4 
32.8 
33.5 
32.7 
33.4 

32.8 
33.6 

32.9 
33.9 
32.8 
33.9 
32.6 
33.9 
32.7 
33.7 
32.8 
33.7 
32.7 
33.9 

confidence limits 
34.3 
34.5 
33.7 
34.3 
33.7 

34.3 
33.8 
34.4 

33.8 

34.3 
33.7 
34.3 

34.2 
34.6 
34.1 

34.6 
34.1 

34.7 
34.1 
34.7 
34.1 

34.8 
34.1 
35.0 
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APPENDIX B-20 

SKIN TEMPERATURE - EXPOSED TO RADIANT HEAT. 

INCREASING METABOLISM CO 

Time 
Smins 

lOmins 

ISmms 

20muis 

25mins 

30mins 

Smins 

lOmins 

ISmins 

20mins 

25mins 

30mins 

Low Radiant 

Status 
adult 
chfld 
adult 
chfld 
adult 

chfld 
adult 

chfld 
adult 
child 
adult 
child 

High Radiant 

adult 
child 
adult 
child 
adult 
child 
adult 
child 
adult 
child 
adult 

child 

Mean 
34.8 
36.0 
34.6 
35.8 
34.5 

35.7 
34.5 

35.7 
34.5 
35.5 
34.5 
35.5 

37.9 
39.4 

37.6 
39.6 
37.5 
39.4 
37.4 
39.2 
37.2 

39.1 
37.3 
39.2 

Std.dev. 
.6 
.4 

.5 

.4 

.5 

.4 

.5 

.4 

.5 

.5 

.5 

.5 

1.1 
.6 

1.0 
.5 
.7 
.6 
.7 
.7 
.7 
.8 
.8 
.8 

N 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 

95% 
34.4 

35.8 
34.2 
35.6 
34.1 

35.4 
34.1 
35.4 
34.2 
35.2 
34.2 

35.1 

37.1 
39.0 
36.9 
39.1 
36.9 
38.9 
36.8 
38.7 
36.7 
38.5 
36.7 
38.6 

confidence limits 
35.3 
36.3 
35.0 
36.1 
34.8 

35.9 
34.9 

35.9 
34.8 
35.9 
34.9 
35.9 

28.6 
39.8 
38.4 

40.0 
38.0 
39.8 
37.9 
39.6 
37.8 
39.7 

37.9 
39.7 
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APPENDIX B-21 

CORE TEMPERATURE - INCREASING METABOLISM (»C) 

Low Radiant 
Time 
Smins 

lOmins 

ISmms 

2Qmins 

25mins 

30mins 

Smhis 

l()mins 

ISmins 

20mins 

2Smins 

30mins 

Status 
adult 
chfld 
adult 
chfld 
adult 

chfld 
adult 
chfld 
adult 
child 
adult 

child 

High Radiant 

adult 

child 
adult 
child 
adult 
child 
adult 

child 
adult 
child 
adult 

child 

Mean 
37.1 
37.4 
37.1 
37.4 

37.2 

37.4 
37.2 
37.5 
37.2 
37.5 
37.3 
37.6 

36.9 

37.3 
36.9 
37.3 
37.0 
37.4 

37.1 
37.5 
37.2 

37.6 
37.3 

37.8 

Std.dev. 
.2 
.2 
.3 
.2 
.3 
.2 
.4 
.2 
.4 
.2 
.5 
.2 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.3 

.2 

.3 

.3 

N 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

95% 
36.9 

37.2 
36.9 

37.2 
36.9 

37.3 
36.9 
37.3 
36.9 
37.0 
37.0 
37.4 

36.8 

37.1 
36.8 
37.1 
36.8 
37.2 
36.9 
37.3 
36.9 
37.5 
37.1 

37.6 

confidence limits 
37.3 
37.6 
37.3 
37.6 
37.4 

37.6 
37.5 
37.6 
37.5 
37.5 
37.7 

37.7 

37.0 
37.4 

37.1 
37.5 
37.2 
37.6 
37.3 
37.7 
37.5 
37.8 
37.6 

38.0 
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APPENDIX C 

SPSSX ANALYSIS TABLES FOR PART A AND PART B OF THE STUDY 
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APPENDK C-1 

Manova for differences between the groups on tilie independent variables measured in part A of 

the study. 

Source of variation 
Sex(V2) 
Status (VI) 
Sex by status 

Source of variation 
Sex 
Status 
Sex by Status 

Source of variation 
Sex 
Statiis 
Sex X Status 

Source of variation 
Sex 
Stams 
Sex X Stams 

Source of variation 
Sex 
Statiis 
Sex X Status 

Source of variation 
Sex 
Status 
Sex X Status 

Surface area/mass 
F 
.345 

34.844 
9.135 

Ponderal Index 
F 
.222 
.209 

4.857 

Sum of skinfolds 

F 
11.373 
6.791 
.708 

Maximum oxygen uptake 

F 
15.897 
4.038 

.091 

Heart rate maximum 

F 
1.143 
3.710 
.258 

Work rate 

F 
39.966 

245.868 
17.992 

SigofF 
.562 
.000 
.005 

SigofF 
.641 
.651 
.036 

Sig of F 
.002 
.015 
.407 

Sig of F 
.000 
.055 
.765 

Sig of F 
.294 
.065 
.616 

SigofF 
.000 
.000 
.000 
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APPENDK C-2 
Manova for differences between the groups on the dependent variables measured in part A of the 
study. 

Average metabolism 
Source of variation F 
Males 
Group (VI) 77.62 

VI X Climate 2.30 
Climate .43 
Females 
Group (VI) 102.42 .000 
VIX Climate 2.29 .147 
Chmate 1.11 .363 

Average Metabolism as a percentage of VO maximum 

Sig of F 

.000 

.137 

.657 

Source of variation 
Total sample 
Group (VI) 
Sex (V2) 
VlxV2 

VlxV2xChmate 
VlxChmate 

V2xChmate 
Climate 

Males 

Group (VI) 

VI X chmate 

Chmate 
Females 
Group (VI) 

VI X chmate 

Climate 
C3unate22xVl 

Chmate 31 X VI 

Cnhnate35xVl 

Source of variation 

Males 
Group (VI) 

VI X climate 

Chmate 
Females 
Group (VI) 

VI X climate 

Chmate 

F 

7.91 

.31 
10.41 

.768 
3.59 

.203 
2.55 

.14 

2.70368 
1.42077 

11.77 

4.18346 

2.87012 
3.09 

13.49 

23.59 

Metabolic efficiency 
F 

85.19 

2.58350 

.61703 

64.32 

2.70107 

1.24209 

SigofF 

.009 

.580 

.003 

.474 

.042 

.817 

.097 

.715 

.102 

.274 

.005 

.045 

.099 

.104 

.003 

.000 

Sig of F 

.000 

.111 

.554 

.000 

.111 

.326 
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APPENDK C-3 

Manova for differences between the groups on the independent variables me 

the study. 

Source of variation 
Males 
Group (VI) 
VI X Chmate 
Climate 
Females 
Group (VI) 
VI X Cnhnate 
Chmate 
Chmate 22 X VI 
Chmate 31 x VI 
Chmate 35 X VI 

Source of variation 
Males 
Group (VI) 
VI X Tune 
Tune 
Climate 
Chmate x Time 
VI X aimate 
VI X Climate x Tune 
Females 
Group (VI) 
VI xQunate 
Chmate 
VI X Tune 
Tune 
VI X Chmate X Tune 
Climate x Time 

Source of variation 
Male 
Group (VI) 
VI X Clunate 
Climate 
Time 
VI xTune 
VI xahnatexTune 
Climate x Tune 

Relative heat production 
F 

.05 
2.64178 
1.25290 

6.33 
3.28213 
2.48402 
2.33 

13.29 
5.10 

Oxygen uptake 

F 

1.85 
2.51636 

12.00699 
1.29621 
1.06089 
2.67557 
1.40775 

10.48 
3.28213 
2.48402 
.13655 

2.66172 
7.80539 
1.09080 

Heart rate 

F 

31.31 
4.64861 

13.60497 
4.43498 
2.23437 
2.59436 
2.09251 

SigofF 

.822 

.106 

.316 

.027 

.076 

.129 

.155 

.003 

.043 

Sig of F 

.193 

.094 

.000 

.304 

.493 

.104 

.350 

.007 

.076 

.129 

.979 

.105 

.059 

.533 

sig of F 

.000 

.030 

.001 

.022 

.131 

.152 

.215 
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APPENDK C-3 (Continued) 

Heart rate (contd) 
Source of variation 
Female 
Group (VI) 

VI X Tune 
Tune 
Climate 
VI X Chmate 
VI X Climate x 

Chmate x Tune 
(lunate 22''C x 

Chmate 3 PCX 
Chmate 3S°C x 

Tune 

VI 
VI 
VI 

Source of variation 
Males 
Group (VI) 

VI xQunate 
Climate 

Tune X Chmate 
Tune 

VI X Time X Qimate 
VI xTune 

Climate 22°C x 
Climate 3 PC X 

Chmate 35°C x 
Females 
Group (VI) 
VI X Tune 

Time 
VI X Climate 

Chmate 

VI 
VI 
VI 

VI X Time x Climate 
Time x Climate 
Chmate 22°C x 
Chmate 3 PC X 

CUmate 35°C x 

VI 
VI 
VI 

F 

5.14 

1.61311 
7.37779 
4.48010 
1.00721 
.67683 

1.22703 
4.39 
2.41 
4.61 

Percentage of heart rate 
F 

43.24 

4.63348 
13.90952 

2.15771 
4.49036 
2.67418 
2.26765 

16.84 
18.37 
31.00 

2.01 
1.68364 

7.4927 
.92575 

4.59674 

.75751 
1.31442 
1.50 
0.72 

3.17 

sig of F 

.043 

.261 

.007 

.038 

.397 

.721 

.486 

.058 

.147 

.053 

maximum. 
Sig of F 

.000 

.030 

.001 

.205 

.021 

.145 

.127 

.001 

.001 

.000 

.181 

.244 

.007 

.425 

.035 

.678 

.459 

.245 

.412 

.100 
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APPENDK C-4 

Manova for differences between the groups on the independent variables measured in part A of 

the study. 

Source of variation 
Males 
Group (VI) 
Climate 
Tune 
VI X CUmate 
VI xTune 
VI X Climate x Tune 
Chmate x Time 
Chmate 22°Cx VI 
Chmate 31°Cx VI 
CUmate 3SOCx VI 
Females 
Group (VI) 
Climate 
Tune 
VI X Chmate 
VI X Tune 
VI X Qimate x Time 
Climate x Time 
Chmate 22°Cx VI 
Chmate 31°Cx VI 
Chmate 3S°Cx VI 
Total sample 
Group (VI) 
Sex (V2) 
VlxV2 
VlxV2xCUmate 
V2xChmate 
VlxOhnate 
Climate 
VlxV2xTune 
V2xTune 
VlxTime 
Tune 
V lxV2xCUmatexTune 
V2xClhnatexTune 
VlxChmatexTune 
QimatexTune 

Heart rate index 

F 

11.33 

6.05844 

4.67843 

.24216 

2.09241 

3.00791 

2.32710 

3.77 

13.00 

7.21 

11.33 

7.58683 

7.43710 

1.95845 

1.50915 

.63245 

1.39970 

3.70 

10.43 

16.70 

22.80 

.71 
2.00 

.34 

.117 

1.73 

13.78 

.474 

.385 

2.17 

12.18 

1.28 

.748 

2.448 

4.489 

SigofF 

.005 

.014 

.018 

.788 

.150 

.118 

.182 

.073 

.003 

.018 

.005 

.008 

.007 

.187 

.288 

.745 

.435 

.079 

.007 

.002 

.000 

.408 

.170 

.714 

.890 

.197 

.000 

.791 

.853 

.095 

.000 

.312 

.637 

.050 

.003 

-210-



APPENDK C-5 

Manova for differences between the groups on the independent variables measured in part A of 
the study. 

Source of variation 
Males 

Group CVl) 
VI X CUmate 
Climate 
Females 
Group (VI) 
Qimate 
VI X Chmate 

Source of variation 
Males 
Group (VI) 
VI X Chmate 
Climate 
Climate 22 X VI 
Chmate 31 x VI 
Chmate 35 x VI 
Females 
Group (VI) 
VI X Qimate 
Qimate 

Source of variation 
Total sample 
Group (VI) 
Sex (V2) 
VlxV2 
V2xVlxCUmate 
VlxCUmate 
V2xCUmate 
Climate 
VlxCUmate 22 
V2xClimate 22 
VlxV2xClmiate 22 
VlxCUmate 31 
V2xCUmate31 
VlxV2xCUmate 
VlxOhnate 35 
V2xCUmate 35 
VlxV2xCUmate 35 

Evaporative weight loss 
F Sig of F 

58.86 
14.54 
56.28 

.000 

.000 

.000 

20.91 .000 
24.39 .000 

1.80 .210 
Relative evaporative weight loss 

F Sig of F 

6.97 

2.85 

58.80 

1.27 

6.14 

12.19 

3.27 

.13 

18.17 

Evaporative heat loss index 
F 

8.56 

10.36 

1.72 

.979 

1.98 

1.20 

67.17 

2.38 

16.30 

.03 

1.98 

8.25 

2.69 

8.81 

.59 

.86 

.019 

.091 

.000 

.277 

.026 

.003 

.096 

.453 

.000 

Sig of F 

.007 

.003 

.201 

.389 

.157 

.316 

.000 

.134 

.000 

.860 

.171 

.008 

.113 

.006 

.450 

.363 
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APPENDK C-5 (contd) 
Evaporative heat loss mdex (contd) 

Source of variation 
Males 
Group (VI) 
VI x Climate 
CUmate 
amiate22xVl 
CUmate 31 x VI 
Qimate 35 X VI 
Females 
Group (VI) 
VI X Climate 
Qimate 

Total sample 
Group (VI) 
Sex (V2) 
VlxV2 
VlxV2xChmate 
V2xClimate 
VlxChmate 
Qimate 
VlxV2xTime 
V2xTime 
VlxTime 
Tune 
V1X V2xaunatexTime 
V2xClimatexThne 
VlxQimatexTime 
QimatexTime 

Total sample 
Group (VI) 
Sex (V2) 
VlxV2 
VlxV2xCUmate 
V2xClimate 
VlxCUmate 
Climate 
VlxV2xTime 
V2xTime 
VlxTune 
Tune 
V lxV2xTimexQimate 
V2xClimatexTune 
VlxCUmatexTune 

QimatexTime 

F 

9.21 
3.52790 

47.81049 
1.04 
7.81 

18.76 

1.32 
.74718 

23.85097 
Mean skin temperature 

.91 

.73 
4.16 
6.83 

.16 
1.73 

814.6 
1.11 
.61 
.83 

2.41 
.71 
.47 

1.39 
4.80 

Ear canal temperature 

18.56 
5.66 
.73 

1.39 
1.64 
1.07 

21.96 
.29 
.82 
.54 

2.76 
1.17 
.63 

1.22 

6.197 
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Sig of F 

.008 

.052 

.000 

.325 

.014 

.001 

.273 

.496 

.000 

.350 

.400 

.051 

.004 

.846 

.196 

.000 

.381 

.691 

.540 

.068 

.703 

.887 

.259 

.002 

.000 

.026 

.401 

.269 

.216 

.358 

.000 

.912 

.548 

.744 

.047 

.380 
:770 
.353 

.001 



APPENDK C-6 

Mancova for differences between the groups on the dependent variables with SA/mass, skinfolds 

and VOj maximum being the covariates analysed in part A of the study. 

Source of variation 
VIO (skinfolds)regression 
Group (VI) 
V12 (SA/Mass) regression 
Group (VI) 
VIS (VO^maximum) regression 
Group (VI) 

Source of variation 
Total Sample 
VIO regression 
Group (VI) 
Sex (V2) 
VlxV2 
V12 regression 
Group (VI) 
Sex (V2) 
VlxV2 
VIS regression 
Group (VI) 
Sex (V2) 
VlxV2 
Males 
VIO regression 
Group (VI) 
V12 regression 
Group (VI) 
VIS regression 
Group (VI) 

Heart rate - males 
F 
4.14 

37.08 
4.02 
1.78 
2.84 

37.65 

Evaporative heat loss index 
F 

1.066 
4.79 
4.62 
1.28 
.34 

5.74 
10.37 
2.00 
1.08 
5.62 
3.72 
1.56 

0.86 
8.53 
0.06 
2.05 
.01 

6.49 

SigofF 
.063 
.000 
.066 
.204 
.166 
.000 

Sig of F 

.312 

.038 

.041 

.268 

.564 

.024 

.003 

.169 

.309 

.025 

.065 

.222 

.369 

.011 

.803 

.174 

.907 

.023 

-213-



APPENDK C-7 

Manova for differences between the groups on the independent variables measured in part A of 

the study. 

Core temperature 
Total Sample 
VIO regression 
Group (VI) 
Sex(V2) 
VlxV2 
VI2 regression 
Group (VI) 
Sex (V2) 
VlxV2 
VIS regression 
Group (VI) 
Sex (V2) 
VlxV2 
VIO regression climate 22 
VI X cUmate 22 
V2 X cUmate 22 
VI xV2x chmate 22 
VIO regression climate 31 
VI X chmate 31 
V2x chmate 31 
VI xV2x chmate 31 
VIO regression climate 35 
VI X climate 35 
V2 X climate 35 
VI xV2x cUmate 35 
VI2 regression climate 22 
VI X cUmate 22 
V2 X cUmate 22 
VI xV2x cUmate 22 
V12 regression climate 31 
VI X cUmate 31 
V2x cUmate 31 
VI xV2x cUmate 31 
VI2 regression climate 35 
VI X cUmate 35 
V2 X cUmate 35 
VI xV2x cUmate 35 
VIS regression cUmate 22 
VI X clunate 22 
V2 X clunate 22 
VI xV2x cUmate 22 

.03 
14.63 
2.98 
.59 
.37 

5.23 
5.44 

.19 
1.23 

14.25 
1.42 
.60 

1.06 
1.26 
2.16 
1.72 
.01 

12.64 
.27 
.25 

1.29 
12.26 
2.34 
.39 
.02 

1.29 
6.81 
2.04 
.03 

6.96 
.52 
.12 

3.93 
.56 

1.13 
.41 

2.41 
1.28 
1.42 
2.33 

.857 

.001 

.098 

.450 

.550 

.032 

.029 

.667 

.279 

.001 

.246 

.448 

.313 

.274 

.156 

.203 

.938 

.002 

.610 

.625 

.267 

.002 

.140 

.537 

.901 

.267 

.016 

.166 

.873 

.015 

.478 

.731 

.060 

.461 

.299 

.528 

.134 

.270 

.246 

.140 
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APPENDK C-7 (Contd.) 

V15 regression cUmate 31 .59 .450 
VIX cUmate 31 12.28 002 
V2x CUmate 31 .01 926 
VI xV2x cUmate 31 .31 5g5 
V15 regression clunate 35 .18 677 
VIX cUmate 35 IO.34 004 
V2x CUmate 35 1 14 296 
VI X V2 x chmate 35 15 yQ2 
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APPENDK C-8 

Manova for differences between the groups on the independent variables measured in part A of 

the study. 

Heart rate index 
Source of variation F Sig of F 
Total Sample 
VIO regression 
Group (VI) 
Sex (V2) 
VlxV2 
VI2 regression 
Group (VI) 
Sex (V2) 
VlxV2 
VIS regression 
Group (VI) 
Sex (V2) 
VlxV2 

Percentage of he 
Source of variation 
VlO regression 
Group (VI) 
V12 regression 
Group (VI) 
VIS regression 
Group (VI) 
VlxV2 
VIS regression 
Group (VI) 
Sex (V2) 
VlxV2 

.33 
16.68 

.10 
2.08 

.00 
8.56 

.68 
1.38 
2.26 

26.16 

2.65 
2.07 

t rate maximum 
F 
5.07 

52.10 

4.08 
3.49 
7.91 

72.18 

9.63 
4.32 
0.04 
3.93 
4.15 

.571 

.000 

.755 

.161 

.951 

.007 

.419 

.251 

.145 

.000 

.116 

.163 

- Males 
Sig of F 

.042 

.000 

.064 

.084 

.015 

.000 

.005 

.048 

.839 

.058 

.052 
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APPENDK C.9 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Air temperature conditions in the chamber. 
Factor 
Group 
Rachant 
Group X Rachant 
Group X Tune 
Tune 
RacUant x Tune 
Group X Rachant x 

Factor 
Group 
Rachant 
Group X Rachant 
Group X Time 
Tune 
Rachant x Tune 

Tune 

F value 
0.07 

48.41 
1.37 
1.61 

41.95 
7.91 
1.09 

Relative humidity conditions in 

Group X Time x Rachant 

Factor 
Group 

Factor 
Group 
Rachant 
Group X Radiant 
Tune 
Group X Time 
Rachant x Tune 
GrouD X Rachant x Tune 

F value 
5.18 
8.33 
0.01 
1.35 

16.10 
15.36 
2.85 

Probability 
.789 
.000 
.258 
.229 
.000 
.001 
.426 

the chamber 

Work rate of the subjects 
F value 
150.40 

Probability 
.039 
.012 
.944 
.304 
.000 
.000 
.82 

Probability 
.000 

Oxygen uptake in the first 10 minutes 

F value 
0.08 
0.79 
1.73 
0.37 

10.13 
0.99 
1.39 

Probability 
.777 
.388 
.206 
.551 
.005 
.333 
.255 

Oxygen uptake in the 30 minutes with radiant heat. 
Factor F value Probability 
Group 2.46 .135 
Radiant 0.06 .806 
Radiant x Group 0.21 .653 
Group X Tune 1.09 .407 
Tune 2.06 .073 
Radiant X Tune 1.86 .189 
Group X Radiant x Tune 0.95 .479 
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APPENDK C-10 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Mean metabolism for the 40 minute constant metabolism test 
Factor F value Probability 

Group 179.54 .000 

Radiant 0.13 .726 

Group X Rachant 0.49 .49S 

Percentage of VOj maximum 
Factor 
Group 

Radiant 

Group X Radiant 

Factor 
Group 

Rachant 

Group X Rachant 

Factor 

Group 

Radiant 

Group X Rachant 

Factor 

Group 

Radiant 

Group X Rachant 

Factor 

Grroup 

Radiant 

Group X Radiant 

Factor 

Group 

Radiant 

Group X Radiant 

Factor 

Group 
Rachant 
Group X Rachant 

F value 
5.68 

0.03 

0.42 

Metabolic efficiency 
F value 

76.10 
0.11 

0.41 

Heat production 

F value 

169.99 

0.13 

0.49 

Relative heat production 
F value 

.04 

.000 

.45 

Sweat rate 

F value 
87.04 

17.17 

0.08 

Relative sweat rate 
F value 

0.42 

18.33 

0.12 

Sweat heat loss index 

F value 
0.37 

21.14 

0.00 

Probability 
.029 

.871 

.525 

ProbabUity 
.000 
.747 

.531 

Probability 
.000 

.726 

.495 

Probability 
.842 

.969 

.511 

Probability 

.000 

.001 

.779 

Probability 

.528 

.000 

.733 

Probability 

.553 

.000 

.966 
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APPENDK C-11 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Core temperature in the Hrst 10 minutes 

Factor F value Probability 
Group 6.23 .023 
Radiant 0.79 .387 
Group X Radiant 0.01 .907 
Time 8.61 .009 
Group X Time 0.13 .718 
Radiant x Tune 0.97 .338 
Group X Radiant x Tune 0.06 .808 

Core temperature for the 30 minutes with radiant heat 
Factor F value Probability 
Group 4.70 .045 
Radiant 0.21 .655 
Group X radiant 0.02 .888 
Tune 3.46 .033 
Group X Time 0.75 .603 
Radiant x Time 2.96 .053 
Group X Radiant xTime 0.63 .676 

Mean skin temperatures not exposed to radiant heat in the first 10 minutes of 

Factor 
Group 
Rachant 
Group X Rachant 
Tune 
Group X Time 
Radiant x Time 
Group X Rachant x Time 

Mean skin temperatures not exposed to radiant heat in the 30 minutes when 

radiant heat was applied to other regions 

Factor F value P 
Group 8.53 .010 
Radiant 6.05 .025 
Group X Radiant 3.54 .077 
Group X Tune 0.30 .899 
Tune 2.74 .066 
Radiant X Tune 1.14 .385 
Group X Radiant x Tune 1.43 .278 

exercise. 
F value 

12.16 
0.42 
1.12 

11.07 
0.20 
1.10 

13.48 

Probability 
.003 
.527 
.304 
.004 
.659 
.309 
.002 
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APPENDK C-12 

Manova for differences between the groups on the dependent variables measured under constant 

metaboUsm conditions with radiant heat. 

Mean skin temperature in the first 10 minutes without radiant heat 
Factor F value P 
Group S1.93 .000 
Radiant 1.22 .284 
Group xRadiant 0.13 .721 
Tune 24.60 .000 
group X Tune 0.20 .663 
Radiant X Tune 12.87 .002 
Group X RacUant x Tune 0.45 .510 

Mean skin temperature for the 30 minutes of exercise when it was exposed to 

radiant heat 
Factor F value P 
Group 43.95 .000 
Radiant 375.36 .000 
Group X Radiant 0.25 .693 
Group X Time 3.83 .023 
Tune 24.40 .000 
Rachant X tune 4.64 .012 
Group X Radiant x Tune 0.28 .912 

Heart rate in the first 10 minutes of exercise 

Factor F value P 
Group 24.20 .000 
Radiant 5.67 .029 
Group xRadiant 2.09 .167 
Time 53.26 .000 
Group X Time 1.28 .273 
Radiant X Tune 0.23 .641 
Group X Radiant x Time 0.03 .859 

Heart rate in the 30 minutes of exercise with radiant heat 
Factor F value P 
Group 23.38 .000 
Radiant 1.64 .217 
Group xRadiant 0.17 .685 
Tune 17.88 .000 
Group X Tune 1.95 .153 
Radiant x Tune 3.67 .027 
Group X Radiant x Tune 2.78 .063 
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APPENDK C-13 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Percentage heart rate maximum during the 30 minutes with radiant heat 
Factor F value P 
Group 17.22 .000 
Radiant 0.29 .594 
Group X Radiant 0.55 .467 
Tune 27.95 .000 
Group X tune 2.55 .080 
Radiant x Tune 3.26 .039 
Group X Radiant x Tune 2.66 .070 

Heart rate index during the 40 minutes of the constant metabolism test 

Factor F value P 
Group 23.82 .000 
Radiant .00 .953 
Group X Radiant .00 .988 
Group X Time 3.24 .040 
Time 6.27 .004 
Group X radiant x time 1.73 .200 
Radiant X time 1.48 .268 

-221-



APPENDK C-14 

Manova for differences between the groups on the dependent variables measured under increasing 

metabolism conditions with radiant heat. 

Air temperature in the climate chamber 
Factor F value P 
Group 0.40 .533 
Radiant 82.99 .000 
Group X Radiant 0.05 .830 
Group X Tune 1.20 .355 
Tune 27.33 .000 
Radiant x Time 21.91 .000 
Group X Radiant x Tune 0.97 .464 

Relative humidity in the climate chamber 

Factor F value P 
Group 19.55 .000 
Radiant 20.39 .000 
Group xRadiant 1.20 .289 
Tune 13.93 .000 
Group X Time 4.72 .024 
Radiant x Tune 10.94 .001 
Group X Radiant x Tune 7.85 .004 

Work rates for the increasing metabolism test. 

Factor F value P 
Group 113.64 .000 
Radiant 1.03 .324 
Group X Radiant 0.03 .864 
Tune 325.21 .000 
Group X Time 66.73 .000 
Radiant x Tune 0.94 .408 
Group X Radiant x Tune 0.94 .408 

Oxygen uptake over the 30 minutes of the increasing metabolism test. 

Factor F value P 
Group 0.44 .517 
Radiant 18.53 .000 
Group X Radiant 46.2 .028 
Tune 163.36 .000 
Group X Tune 0.19 .957 
Radiant X Tune 1.93 .153 
Group X Radiant x Tune S.Ol .008 
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APPENDK C-15 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Average metabolism for the 3 levels of the increasing metabolism test 
Factor F value P 
Group 153.99 .000 
Radiant 14.50 .001 
Group xRachant 1.10 .308 
Levd 342.28 .000 
Group X Level 48.12 .000 
Radiant X Level 1.20 .324 
Group X radiant X Level 6.71 .007 

Percentage of maximum oxygen uptake for each level 

of the increasing metabolism test. 
Factor F value P 
Group 2.68 .121 
Radiant 16.88 .001 
Group X Radiant 4.24 .054 
Level 628.28 .000 
Group X Level 1.29 .300 
Rachant x Level 3.22 .065 
Group X Rachant x Level 8.66 .003 

Metabolic efficiency for each level of the increasing metabolism test. 
Factor F value P 
Group 72.77 .000 
Radiant 11.46 .003 
Group xRadiant 2.40 .139 
Levd 37.06 .000 
Group X Level 3.32 .060 
Radiant X Level 0.65 .531 
Group X Radiant x Level 4.54 .025 

Heat production at the three levels of the increasing metabolism test. 
Factor F value P 
Group 146.85 .000 
Radiant 13.97 .002 
Group xRadiant 1.12 .304 
Levd 264.64 .000 
Group X Level 33.41 .000 
Radiant X Level 1.08 .359 
Group X Radiant x Level 6.66 .007 
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APPENDK C-16 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with raciiant heat. 

Relative heat production at the three levels of the increasing metabolism test 
Factor F value P 
Group 0.38 .564 
Radiant 18.20 .000 
Group X Radiant 5.75 .028 
Level 205.92 .000 
Group X Level 0.08 .923 
Radiant x Level 3.10 .071 
Group X Rachant x Level 8.10 .003 

Sweat rate for the increasing metabolism tests 
Factor F value P 
Group 87.04 .000 
Radiant 17.17 .001 
Group X Radiant 0.08 .779 

Relative sweat rate for the increasing metabolism tests. 
Factor F value P 
Group .020 .662 
Radiant 21.59 .000 
Group xRadiant 1.54 .230 

Sweat heat loss index in the increasing metabolism tests. 
Factor F value P 
Group 1.45 .244 
Radiant 8.84 .008 
Group xRadiant 0.44 .516 

Core temperature for the increasing metabolism test. 
Factor F value P 
Group 9.09 .007 
Radiant 0.84 .372 
Group xRadiant 1.42 .248 
Tune 11.89 .000 
Group X Tune 0.23 .941 
Radiant x Tune 3.91 020 
Group X Radiant x Tune 1.35 .298 
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APPENDK C-16 (Contd.) 

Mean skin temperature not exposed to radiant heat during the 

increasing metabolism test. 
Factor F value P 
Group 7.21 .015 
Radiant 2.72 .070 
Group X Radiant 0.78 .339 
Tune 3.19 .039 
Unear 0.73 .403 
Quadratic 11.59 .003 
Group X Tune 0.81 .559 
Radiant x Tune 3.34 .034 
Group X Radiant X Tune 1.97 .145 
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APPENDK C-17 

Manova for differences between the groups on the dependent variables measured under constant 

metabolism conditions with radiant heat. 

Mean skin temperature exposed to radiant heat during the the 

increasing metabolism test 
Factor F value P 
Group 47.96 .000 
Radiant S38.92 .000 
Group X Radiant 6.22 .023 
Tune 2.23 .108 
Group X Time 2.54 .077 
Rachant X Tune 1.32 .309 
Group X Rachant x Tune 0.91 .497 

Heart rate during the increasing metabolism tests 
Factor F value P 
Group 30.57 .000 
Radiant 4.10 .058 
Group xRadiant 1.24 .280 
Tune 67.3 .000 
Group X Time 0.90 .505 
Radiant X Tune 1.07 .414 
Group X Radiant X Tune 1.17 .370 

Percentage of maximum heart rate during the the increasing metabolism test. 
Factor F value P 
Group 22.43 .000 
Radiant 4.04 .060 
Group xRadiant 1.03 .323 
Tune 79.11 .000 
Group X Tune 0.72 .617 
Radiant x Tune 1.21 .355 
Group X Radiant X Tune 1.16 .374 

Heart rate index during the increasing metabolism test with radiant heat. 
Factor F value P 
Group 20.67 .000 
Radiant 6.57 .020 
Group X radiant 2.12 .162 
Group X time 1.07 .419 
Tune 29.43 .000 
Group X radiant x time 3.07 .044 
Radiant X time 1.99 .141 
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APPENDK C-18 

Manova for differences between the groups on the dependent variables with SA/mass being the 

covariate analysed in part B of the study. 

Core temperature - constant metabolism 
Source of variation F Sig of F 
Regression 10 muis 1.38 .257 
Group 14.51 .050 
Regression 30 mms .08 .777 
Group 1.31 .270 

Skin temperature exposed to radiant heat - constant metabolism 
Source of variation F Sig of F 
Regression 10 mins 6.61 .020 
Group 1.30 .271 
Regression 30 mins .04 .852 
Group 6.36 .023 

Skin temperature not exposed to radiant heat - constant metabolism 
Source of variation F Sig of F 
Regression 10 mins .04 .839 
Group 1.51 .237 
Regression 30 mins .04 .840 
Group 1.88 .189 

Percentage heart rate maximum -constant metabolism 
Source of variation 
Regression 10 mins 
Group 
Regression 30 mins 
Group 

Core temperature - increasing metabolism 
Source of variation F Sig of F 
Regression 0-10 mhis .28 .601 
Group 1.00 .331 

Skin temperature exposed to radiant heat - increasing metabolism 
Source of variation F Sig of F 
Regression 0-10 mms 1.48 .240 
Group 1.67 .213 

Skin temperature not exposed to radiant heat - increasing metabolism 
Source of variation F Sig of F 
Regression 0-10 mms 2.92 .106 
Group .22 .641 

Percentage of heart rate maximum - increasing metabolism 
Source of variation F Sig of F 
Regression 0-10 mms 1.09 .312 
Group 1.82 .195 
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F 
0.47 
1.33 
0.91 
.58 

Sig of F 
.501 
.266 
.354 
.459 






